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Groups of radiation sensitive materials including various (meth) acrylic acid / (meth) acrylic ester 
monomer-based copolymers either used with compounds generating acids on application of radiation 
or-containing hydrophilic groups and used with hydrophobic compounds and which monomers may 
alternatively be itaconic acid derivatives with certain specified substituting groups, are used in 
production of photoresists which are selectively exposed between prebaking and postbaking steps, 
after which the resists are developed to form the desired pattern. Preferably, the baked resists contain 
adamantyl substituents. 
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BACKGROUND OF THE INVENTION 

Th pres nt invention relates to a radiation s nsitiv material and a process for f rming a pattern using 
the same. 

R cently, semiconduct r int grated circuits have become more integrated and LSls and VLSIs are prac- 
tically available. Accompanying such integration, circuit patterns have become smaller in size, approaching 
submicron dimensions and even smaller. Formation of a pattern in a submicron dimension essentially requires 
lithography. In lithography a thin film resist is deposited on to a substrate to be processed, and is selectively 
exposed and developed to form a resist pattern. With this resist pattern as a mask, dry etching is conducted 
and then the resist is removed to obtain a required pattern. As an exposure source for lithography, ultraviolet 
radiation was originally used, but as circuit patterns approach submicron sizes, far ultraviolet radiation (e.g. 
electron beams, X rays, etc.) with short wavelengths, are used as exposure sources. 

Especially for lithography using excimer lasers (248-nm wavelength KrF laser and 193-nm wavelength ArF 
laser), resist materials having high resolution, high sensitivity and good dry-etching resistance are required. 

Many conventionally developed resists are based on phenol resin and novolak resin. These materials have 
aromatic rings and good dry etching resistance, but they have poor transparency at KrF wavelength and are 
totally opaque at ArF wavelength. Consequently they can not provide patterns sufficiently precise in submicron 
dimensions. 

On the other hand, as a transparent resist for excimer beams, t-butyl methacryiate polymer is proposed, 
but this resist lacks dry etching resistance. 

As a countermeasure to this, the inventors have proposed a chemical amplification type resist using ali- 
cyclic groups as a resist having dry etching resistance comparable with that of aromatic compounds and are 
transparent at KrF and ArF wavelength. Here alicydic groups are adamantane, norbornane, perhydroantra- 
cene, cyclohexane, tricyclo [5.2.1. 0 2 * 6 ] decane etc., and adamantyl groups are suitable (see Japanese Patent 
Laid-Open Publication No. 39665/1992). 

But the chemical amplification type resist of alicydic copolymer increases hydrophobicity and rigidity of 
the alicydic group, which gives dry etching resistance, increases its composition ratio. 

At a composition ratio which gives dry etching resistance comparable to that of phenol resin-based and 
novolak resin-based resists, e.g., above 50 mol% of alicydic unit, because of high hydrophobicity and rigidity 
of the resists, diffusion of protonic acid as a catalyst is hindered, which results in lower amplification, smaller 
amounts of carboxylic acid being generated, and lower solubility to a developer of an alkaline aqueous solution. 

Furthermore, these resists lack adhesiveness, and, in addition, their resist films are rigid because of in- 
clusion of alicydic groups. As a result, strain caused to the resist films become larger, and the resist films have 
a greater tendency to peel off. Accordingly stable pattern characteristics cannot be obtained. This is also a 
problem. 

SUMMARY OF THE INVENTION 

In view of these problems, an object of the present invention is to provide a radiation sensitive material for 
an excimer laser lithography, having good transparency and etching resistance, is highly sensitive, has good 
adhesion and to provide a method for forming a circuit pattern using the radiation sensitive material. 

Another object of the present invention is to provide a method for forming a pattern which can produce a 
protective film from even a non-phenol based polymer of low polarity, and which can have stable pattern char- 
acteristics. 

The above-described object of the present invention is achieved by a radiation sensitive material compris- , 
ing: a copolymer expressed by a general formula 
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(wh r Y r pr sents alicyclic gr up; R, and R 2 r present CH 3 r H, and at least on of R, and R 2 is H; and R3 
repres nts alkyi group); and a substance gen rating an acid by application of radiation. , 
In the abov -described radiation s nsitive material, it is preferable that the copolymer includes, by 40 - 70 ) 

mol%, a unit structure including alicyclic groups. — ' 

The ab ve-described object of the present invention is achieved by a radiation sensitiv material compris- 
ing: a copolymer including a unit structure which is expressed by a general formula 

R1 

— (-CH2-C-)- 
COOH 

15 (where R t represents CH 3 or H); and which generates an alkali soluble group in the presence of methacrylic 
acid or acrylic acid, and an acid; and a substance generating an acid by application of radiation. 

The above-described object of the present invention is achieved by a radiation sensitive material compris- 
ing: a terpolymer expressed by a general formula 
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(where Y represen ts^icyclic g^yj^Zjepresents -C(CH 3 ) 2 R4, 
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R 1f R 2 , and R 3 represent CH 3 or H; and represents alkyl grou p); and a substance generating an acid by 

40 application of radiation. ^ 

Here groups which generate alkali soluble groups in the presence of acid are, an ester group, t-butyl group, 
tetrahydropyranyl group, a,a-di methyl benzyl group, 3-oxocyclohexyl group, etc., and groups which are re- 
leased in the presence of protonic acid can be used. In view of transparency with respect to excimer beams, 
groups without benzene rings are suitable. Thus, t-butyl group, tetrahydropyranyl group, 3-oxocyclohexyl group 

45 are more preferable. 

In the above-described radiation sensitive material, it is preferable that the copolymer includes the unit 
structure having carboxylic acid in the range of 5 - 35 mol%. 

The above-described object of the present invention is achieved by a radiation sensitive material compris- 
ing: a copolymer including a unit structure which is expressed by a general formula 
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and which generates an alkali soluble group in the presence of methacrylic acid and an acid; and a substance 
generating an acid by application of radiation. 

The above-described object is achieved by a radiation sensitive material comprising: a terpolymer ex- 
15 pressed by a general formula 
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(where Y represents alicyclic group; and Z represents -C(CH 3 <^F&!) 
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R, and R 2 represent CH 3 or H; and R 3 represents^lk^igroup); and a substance generating an acid by appli- 
cation of radiation. 
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Here groups which generate alkali soluble groups in the presence of acid are, as ester group, t-butyl group, 
tetrahydropyranyl group, a,a-dimethylbenzyl group, 3-oxocyclohexyl group, etc., and groups which are re- 
40 leased in the presence of protonic acid can be used. In view of transparency with respect to excimer beams, 
groups without benzene rings are suitable. Thus, t-butyl group, tetrahydropyranyl group, 3-oxocyclohexyl group 
are more preferable. 

In the above-described radiation sensitive material, it is preferable that the copolymer includes the hydrox- 
yethyl methacrylate by above 5 mol%. 
45 The above-described object of the present invention is achieved by a radiation sensitive material compris- 

ing: a copolymer including a unit structure expressed by 



Go 2 xi 

-(CH-CH-)- 
CO2X2 



55 (where X, and X 2 repres nt -C^CH^R^ 
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and Ri represents alkyl group); and a unit structure generating an alkali soluble group in the presence of an 
acid; and a substance generating acid by application of radiation. 

The above-described object of the present invention is achieved by a radiation sensitive material compris- 
10 ing: a copolymer expressed by a general formula 
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(where and X 2 represent -C(CH 3 ) 2 R2, 



-0-0 



Y represents alicyclic group; represent CH 3 or H; and R 2 represents alky l group); and a substance generating 
an acid by application of radiation. — 5 " 

The above-described object of the present invention is achieved by a radiation sensitive material compris- 
ing: a copolymer including a unit structure expressed by 



CH2CO2X1 

-{CH2-C-)- 
C02X2 



(where X, and X 2 represent -C(CH 3 ) 2 Ri, 
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and R 1 represents alkyl group); and a unit structure generating an alkali soluble group in the presence of an 
acid; and a substance generating an acid by application of radiation. 

The above-described object of the present invention is achiev d by a radiation s nsitiv material compris- 
ing: a copolym r xpressed by a gen ral formula 
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(where X! and X 2 represent -C(CH 3 ) 2 R 2) 
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Y represents alicyclic group; R, represent CH 3 or H; and R 2 represents a Iky I g roup); a substance generating 
20 an acid by application of radiation. 7 

The above-described object of the present invention is achieved by a radiation sensitive material compris- 
ing: a copolymer including a unit structure expressed by a general formula 



-(cHa-C-)- 

30 Y 

(where at least one of X and Y is a nitrile group) and a unit structure generating an alkali soluble group; and 
a substance generating an acid application of radiation. 

In the above-described radiation sensitive material, it is preferable that the copolymer includes t-butyl 
35 groups. 

In the above-described radiation sensitive material, it is preferable that the copolymer includes alicyclic 
groups. 

In the above-described radiation sensitive material, it is preferable that the unit structure 

40 

X 
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45 



(where at least one of X and Y is nitrile group) is acrylonitrile or metKaj^yJpnlitnle) 

In the above-described radiation sensitive material; it is^prere^ieTh^hTcopolymer includes the acryl- 
50 onitrile or methacrylonitrile by 10 - 70 mol%. 

The above-described object is achieved by a radiation sensitive material comprising a terpolymer ex- 
pressed by a general formula 
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(where X represents H or CH 3 ; 
R represents 
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Ri represents CH 3 , R 2 represents H, R 3 represents 
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R, and R 2 represent CH 3 , R 3 , represents 



40 



or 



R 1t R 2 and R 3 represent CH 3 ); and a substance generating an acid by application of radiation. 

The above-described object is achieved by a radiation sensitive material comprising a resist containing a 
45 hydrophilic group and a hydrophobic compound. 

It is preferred that the resist containing a hydrophilic group is a copolymer expressed by a general formula 
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R, represents CH 3 , R 2 represents H, R 3 represents 
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Ri and R 2 represent CH 3 , R 3 represents 

25 
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Ri, R 2 and R 3 represent CH 3 ) 

In the above-described radiation sensitive material, the resist contains vinylphenol, which contains hydro- 
philic groups, in the range of 50 - 70 mol%. 

In the above-described radiation sensitive material, the resist containing hydrophilic groups is a copolymer 
35 expressed by a general formula 
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Intheabove-describ d radiation sensitive material, it is pref rr dthatther sist contains vinylph nol, which 
contains hydrophilic groups, in th range of 60 - 80 mo!%. 

In the above-d scrib d radiation sensitive material, it is pr ferr d that the hydrophobic c mpound is x- 
pressed by a g n ral formula 



CH 3 

CO2-C-CH3 

CH3 

In the above-described radiation sensitive material, it is preferred that the hydrophobic compound is ex- 
pressed by a general formula 
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The above-described object of the present invention is achieved by a radiation sensitive material compris- 
ing a copolymer including itaconic anhydride which is expressed by 
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and a polymer as a unit structure g nerates an alkali soluble group in th presence of an acid; and a substance 
gen rating an acid, upon application of radiation. 
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In the above-d scrib d radiation sensitiv material, it is pr ferred that the copolymer is expressed by a 
general formula 



Rj R2 R3 R4 



10 




(where I, m and n represent 0 - 60 mol%, 10-95 mol%, 5 - 50 mol% respectively; R 1( R 2 , R 3 and R4 represent 
15 H, halogen, C M alkyl group, substituted alkyl group, nitrite group, -(CH2) n CO0R5(n=O-1) or -(CH^n 
COORe(n=0-1 ); R5 represents alkyl group, substituted alkyl group, alicyclic group, substituted alicyclic 
group, aromatic group or substituted aromatic group; and Re represents t-butyl group, t-amyl group, dimethyl- 
benzyl group, tetrahydropyranyl group or 3-oxocyclohexyl group). 

In the above-described radiation sensitive material, it is preferred that the copolymer is expressed by 
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(where I, m and n represent 1 - 95 mol%, 1 0 - 95 mol% and 5 - 50 mol%; Z represents benzene ring, substituted 
benzene ring, nitrile group, -OR 7 , -COR 7 or -OCOR 7 ; R^ R 2 , R 3 and R4 represent H, halogen, alkyl group, 

substituted alkyl group, nitrile group, -C(CH2) n COOR5(n=0-1), or-(CH2) n COORe(n=0-1); Rg reprssents t- 
butyl group, t-amyl group, dimethyl benzyl group, tetrahydropyranyl group or 3-oxocyclohexyl group; R 7 repre- 
sents alkyl group, C A _ S substituted alkyl group, alicyclic group, substituted alicyclic group, aromatic group 
or substituted aromatic group). 

In the above-described radiation sensitive material, it is preferred that the copolymer is expressed by a 
general formula 



Ri R2 R3 R4 

4ch-c4^ch-c44ch 2 ^c-)-» 

45 \ 1 ') v 1 'm^ / Vn f 



50 



Rs 




(where I, m and n represent 0 - 95 mol%, 1 - 95 mol% and 5 - 50 mol%; R 1t R 2 , R 3 and R4 represent H, halogen, 
alkyl group, substituted alkyl group, nitril group, -(CHJnCOORs^O-l) or -(CH 2 ) n COOR 6 (n=0-1); 
R 5 represents C^ 5 alkyl group, C u5 substitut d alkyl group, alicyclic group, substituted alicyclic group, aromatic 
group or substitut d aromatic group; and Rq r presents -OtBu, -OCOOtBu r -COOt-Amyl). 

In th above-d scrib d radiation sensitiv material, the copolymer is expr ssed by a general formula 
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R8 

(where I, m and n represent 0 - 95 mol%, 1 - 95 mol% and 5-50 mo!%; Z represents benzene ring, substituted 
benzene ring, nitrile group, 0R 7l -COR 7 or-OCOR 7 ; R 1t R 2 , R 3 and R4 represent H, halogen, alkyl group, 

substituted alkyl group, nitrile group, -(CH2) n COOR 6 (n=0-1) or-(CH 2 ) n COOR6(n=0-1); and Rs represents 
-OtBu, -OCOOtBu, or -COOt-Amyl). 

tn the above-described radiation sensitive material, it is preferred that the copolymer includes the unit 
structure including itaconic anhydride by 5 - 50 mol%. 

The above-described object of the present invention is achieved by a method for forming a pattern com- 
prising the steps of: preparing a resist of the above-described radiation sensitive material; applying the resist 
to a substrate to be processed; prebaking the resist film and then selectively exposing the resist on the sub- 
strate to radiation; and post exposure baking and then developing the resist on the substrate to form the pat- 
tern. 

The above-described object of the present invention is achieved by a method for forming a pattern com- 
prising the steps of: preparing a resist of a radiation sensitive material; applying the resist to a substrate to be 
processed; prebaking the resist film and then selectively exposing the resist on the substrate to radiation; and 
post exposure baking the substrate and then developing the resist on the substrate by a developer being a 
mixed liquid of an organic alkaline aqueous solution and i so propyl alcohol to form the pattern. 

Here the radiation sensitive material preferably comprises: a copolymer including a unit structure including 
a I icy die groups, e.g., adamantyl groups, norbornyl group, and a unit structure generating an alkali soluble 
group in the presence of an acid; and a substance generating an acid by application of radiation. 

In the above-described radiation sensitive material, it is preferable that the developer contains isopropyl 
alcohol by 5 - 95 vol%. 

The above-described object is achieved by a method for forming a pattern comprising the steps of: pre- 
paring a resist of a polymer containing an acrylic or methacryiic ester unit, having an alicyclic group at said 
acrylic or methacryiic ester unit; where said acrylic or methacryiic ester unit have a polar structure at an ester 
unit; coating a substrate to be processed with the resist, and prebaking the substrate to be processed; applying 
onto the resist a protecting film of a hydrocarbon-based polymer, which is transparent to far ultraviolet rays, 
and heating the same; selectively exposing radiation to the resist on the substrate to be processed; postbaking 
the substrate to be processed; stripping the protecting film; and developing the resist on the substrate to be 
processed to form a desired resist pattern, an application solvent for the hydrocarbon-based polymer of the 
protecting film being a non-aromatic hydrocarbon, or an aromatic hydrocarbon expressed by a general formula 




(where R represents an alkyl group with 3 or more carbon atoms). 

The above-described object of the present invention is achieved by a method for forming a pattern com- 
prising the steps of forming a resist of a radiation sensitive material according to any one of claims 26 to 31 ; 
coating a substrate-to-be- processed with th r sist, and prebaking the substrate to be process d; applying 
aprot ctingfilmof a hydrocarbon polym r, which is transpar nt to far ultravi let rays, and h ating th same; 
sel ctively xposing radiation to the resist on th substrat to be processed, and postbaking th substrate to 
be proc ss d; and stripping the prot cting film, and d v loping the resist on th substrat t b processed to 
form a desired r sist pattern. 
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In the above-describ d method for forming a pattern, it is pr f rred that an application solvent for the hy- 
drocarbon polym r for the prot cting film is limon n , 1,5-cyclooctadiene, 1-decen , t- butyl cyclohexane, p- 
cymeneordodecyib nz ne. 

In th method for forming a pattern, it is preferred that the hydrocarbon polymer is an define polym r or 
a di ne polymer. 

In the above-described method, the substance having a polar-structure is ketone, alcohol, ether, ester, 
carbonic acid, an acid anhydride or any one of these substances having a part of the atoms of a polar structure. 

A substance generating an acid by application of radiation used in the above-described radiation sensitive 
material, i.e., an acid generating substance can be provided by: 
an oxazole derivative expressed by the general formula 



15 



CX3^ N ^CXs 



20 



(where represents a substituted or an unsubstituted aryl group or alkenyl group; and X represents CI or 
Br), 

an s-triazine derivative expressed by the general formula 



25 



N-N 



30 



35 



40 



(where R, represents CH 3 , a substituted or an unsubstituted alkyl group, or a substituted or an unsubstituted 
aryl or alkenyl group; and X represents CI or Br), 

an iodonium salt expressed by the general formula 



An 



45 



(where An and Ar 2 represent a substituted or an unsubstituted aromatic ring; and X represents BF 6 ~, PF 6 " 
AsF 6 ~ SbF 6 " or CI0 4 " , or an organic sulfonic acid anion), 
a sulfonium salt expressed by the general formula 



50 



(where R 1( R 2 and R 3 represent a substituted or unsubstituted alkyl group, or an aromatic ring; X represents 
BF 6 ~, PF 6 ~, AsF 6 ", SbF 6 " or CI0 4 ", or an organic sulfonic acid anion), 
a disulfone derivativ xpressed by the general formula 

RrS0 2 -S02-R 2 

55 (wh re R, and R 2 repres nt a substituted aromatic ring or an alicycJic group), 
an imidosulfonate derivative xpressed by th g n ral formula 



12 
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10 

(where represents a substituted or unsubstituted alkyl group or aryl group; and Z represents a substituted 
or unsubstituted alkylene group, alkeneylene group or aryi group), or 
a diazonium salt expressed by the general formula 

AiyrVY" 

15 (where represents a substituted or an unsubstituted aromatic ring; Y represents BF 6 ~, PF 6 ", AsF 6 ", SbF 6 " 
or CIO4", or an organic sulfonic acid anion). But the acid generating substance is not limited to the above- 
described substances. 

In the radiation sensitive material comprising a copolymer expressed by the following general formula 



20 



25 



30 



45 



50 



Ri R2 

o=c o=c 

6 0 

Y CH3-C — CHa 



(where Y represents alicyclic group; R A and R 2 represent CH 3 or H, and at least one of R, and R 2 is H; and R 3 

represents alkyl group); and an acid generating material by application of radiation, either of R-, and R 2 at the 

a positions is not a methyl group, which is bulky and very hydrophobic, but a proton, which is small-sized and 
35 less hydrophobic. Accordingly the copolymer is less hydrophobic and less rigidity. Consequently the copolymer 

is more compatible with and permeable to a developer, while protonic acid as a catalyst can be more diffusible. 

Development is therefore easier, resulting in higher sensitivity and stable patterning characteristics. 

Here it is preferable that this copolymer contains a unit structure containing aiicyclic groups by 40 - 70 

mol%. In the composition with below 40 mol% of the unit structure, sufficient dry etching resistance cannot 
40 be obtained. The composition with above 70 mol% of the unit structure makes patterning difficult because of 

a small amount of t-butyl, a photosensitive group. 

The radiation sensitive material comprising a copolymer expressed by the following general formula 



— (-CH2-C-)- 
COOH 



(where Ri represents CH 3 or H); and an acid generating substance by application of radiation can have higher 
sensitivity and stable patterning characteristics because of the carboxylic acid contained in the copolymer, 
which is an eff ctiv hydrophilic group. 

That is, because carboxylic acid is alkali soluble, the copolymer originally containing carboxylic acid be- 
55 comes an alkalin aqueous solution only by substitution of the sensitive groups by a small amount of carboxylic 
acid. Accordingly, high sensitivity and stabl patterning characteristics can b obtained. 

In the radiation s nsitive material comprising a terpolymer express d by the following general formula 

13 
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Ri R2 Ra 
^CH 2 -C^CH 2 -C^-(CH 2 --C-) ; . 

o=c o=c o=c 

• • I 

0 0 OH 

1 i 
Y Z 



(where Y represents alicyclic group; Z represents -C(CH 3 )2R4, 



-o --o 



R 1( R 2 , and R 3 represent CH 3 or H; and R4 represents alkyl group); and a substance generating acid by appli- 
20 cation of radiation, it is very effective that the terpolymer contains carboxylic acid, which is hydrophilic, because 

the terpolymer contains alicyclic groups, which are very hydrophobic. 

It is preferable that the terpolymer contains carboxylic acid by above 5 mol% and below 35 mol%. This is 

because with a carboxylic acid content of below 5 mol% ( the effect is not exhibited, and with a carboxylic acid 

content of above 35 mol%, even non-exposed portions are solved and thus patterning is impossible. 
25 In the radiation sensitive material comprising a copolymer including a unit structure, which is expressed 

by the following general formula 



30 



35 



45 



50 



55 



CH 3 



I 

o=c 



CH2CH20H 



and which generates alkali soluble groups in the presence of hydroxyethyl methacrylate and an acid, and an 
40 acid generating substance by application of radiation, the copolymer contains hydroxyethyl methacrylate as 
hydrophilic groups, whereby as in the case that the copolymer contains carboxylic acid, the copolymer has high- 
er hydrophilicity, and thus is more compatible with a developer and is permeable, resulting in higher solubility. 

In the radiation sensitive material comprising a terpolymer containing a unit structure which is expressed 
by the following general formula 



Ri R2 CH3 

-4ch 2 -c4-4ch 2 -c-V-f CH 2 — c4- 
o=c o-c o=*c 
o o i 

Y Z CH2CH2OH 



(wher Y repres nts alicyclic group; 2 represents -C(CH 3 ) 2 R4, 
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O --Q ' 

0 

5 

R 1 and R 2 represent CH 3 or H; and R 3 _represents.alkyl group); and an acid generating substance by application 
of radiation, because the terpolymer contains alicyclic groups, which are very hydrophobic, it is very effective 
that the terpolymer contains hydroxyethyl methacrylate as a hydrophobic group. 
10 It is preferable that the terpolymer contains hydroxyethyl methacrylate by above 5 mol% because the effect 

is not exhibited with a content of hydroxyethyl methacrylate below 5 mol%. 

The radiation sensitive material comprising a copolymer including a unit structure expressed by the fol- 
lowing general formula 



15 



20 



CO2X1 
^CH-CH-}- 
002X2 



(where X, , and X 2 represent -C(CH 3 ) 2 Ri , 
25 , . 

o - -q ■ 

30 

and 

represents alkyl group); and a unit structure generating an alkali soluble group in the presence of an acid, 
and an acid generating substance by application of radiation; and 

the radiation sensitive material comprising a copolymer expressed by the following general formula 

35 

R 1 CO2X, 

-4ch 2 -c4-{ch^ch4- 

40 O-C CO2X2 

1 

0 
Y 

45 

(where X, and X 2 represent C(CH 3 ) 2 R2. 

o - o ■ 

0 

Y represents alicyclic group; represent CH 3 or H; and R 2 repres nts alkyl group); and an acid g nerating 
5$ substance by application of radiation, both includ a unit structure express d by 
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10 



15 



25 



30 



35 



CCfcXi 
-{CH-CH-}- 
CO2X2 



(where X, an X 2 represent -C(CH 3 ) 2 R 1t 



O - -Q 



and 

Ri represents alkyl group); whereby a larger number of sensitive groups are available per unit structure, with 
a result that higher sensitivity can be obtained, resulting in stable patterning characteristics. 
20 The radiation sensitive material comprising a copolymer including a unit structure expressed by the fol- 

lowing formula 



CH2CO2X1 

-(CH 2 -C-)- 
CO2X2 



(where X, an X 2 represent -CfCHsfeRL 



-O- -Q 



and 

40 represents alkyl group); and a unit structure generating alkali soluble groups in the presence of an acid, 
and an acid generating substance by application of radiation; and 

the radiation sensitive material comprising a copolymer expressed by the following general formula 

R! CH2CO2X1 

-f ch 2 — c4-4ch 2 -c-t 

0»C CO2X2 

I 

50 0 

I 

Y 



(wh re X! and X 2 represent -C(CH 3 ) 2 R2, 



55 
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10 



15 



20 



25 



35 



40 



50 



55 



Y represents alicyclic group; R, represents CH 3 or H; and R 2 represents alkyl group); and an acid generating 
substance by application of radiation, both include a unit structure expressed by 



CH2CO2X1 

-(CH Z -C-)- 
CO2X2 



(where X, and X 2 represent -C^ChyzRL 



-O - -Q 



and R 1 represents alkyl group); whereby a larger number of sensitive groups is available per unit structure, 
and thus higher sensitivity and stable pattering characteristics can be obtained. 

For more stable patterning characteristics, it is effective to improve adhesiveness. The presence of espe- 
cially adamantyl groups and t-butyl groups, which are hydrocarbon, degrades adhesiveness. This is because 
30 hydrocarbon-based groups have such low polarity that there is no interaction with a substrate. 

Accordingly the radiation sensitive material comprising a copolymer including a unit structure expressed 
by the following general formula 



X 

-(CH2-C-)~ 
Y 



(where at least one of X and Y is nitrile group), and a unit structure generating alkali soluble groups in the pres- 
ence of an acid, and an acid generating substance by application of radiation can have improved adhesiveness 
and stable patterning characteristics because of the nitrile groups, which have high polarity. 

in the case that the unit structure including nitrile groups is acrylonitrile or methacrylonitrile, its content 
45 is preferably 10-70 mo!%. When its content is below 10 mol%, sufficient adhesiveness cannot be obtained, 
and when its content is above 70 mol%, sufficient sensitivity can not be obtained. 

A radiation sensitive material comprising a polymer expressed by a general formula 



«{-CHz"CH-)--(CH2— CH-) — (CH2-C-^- 
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(wh re.X repr sents H or CH 3 ; 
Rrepres nts 



10 

and 

Ri and R 2 represent H, R 3 represents 



15 



-O 



Ri represents CH 3 , R 2 represents H, R 3 represents 

20 



25 or 

Ri and R 2 represent CH 3 , R 3 represents 



30 



or 

R 1? R 2 and R 3 represents CH 3 ); containing hydrophilic groups and highly hydrophobic groups (e.g., adamantyl, 
norbornyl, cyclohexyf); and a substance generating an acid by application of radiation; and a radiation sensitive 
35 material comprising a copolymer which is expressed by a general formula 



x 

t i 

'm 
6=0 



-(• CH 2 -CH (CH 2 — C-)- 



45 



O-R 
OH 



(where X represents H or CH 3 ; 
R represents 



50 



Ri 

-Q . -Q or -i-R3 ; 



R 2 



55 

and 

Rt and R 2 repres nt H, R 3 r presents 
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-o 



s r pres nts CH 3 , R 2 repr s nts H, R 3 represents 



10 



-0 or -<H 



or 



R 1 and R 2 represent CH 3 , R 3 represents 



15 



20 or 

R 1( R 2 and R 3 represents CH 3 ); or a copolymer containing hydrophilic groups and expressed by a general for- 
mula 



25 



4-CH z --CH-V-fcH2-CH4 



30 



35 



(where R represents 



OH 



C=0 
6-R 



40 



o 



or 



CH 3 

C-CHs 

CHa 



); 



45 and 

a highly hydrophobic compound expressed by a general formula 



50 




CH 3 
CO2-C-CH3 
CH 3 



55 or by a gen ral formula 
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10 



15 



20 



30 



40 



45 



RlQ2C 

N C0 2 R2 



(where R, and R 2 represent 



CH 3 

C-CH3 ; 
CH3 



or 

Ri represents 




or 



25 R 2 represents 



CH 3 
-C-CH3 ); 
CH 3 



are inhibited by the highly hydrophobic groups from deactivation due to contaminants (amine, etc.) in envir- 
35 onments from the exposure to the baking, and can have high sensitivity simply by changing photosensitive 
groups to a small amount of alkali soluble hydrophilic groups, so that resists especially those containing highly 
hydrophobic groups can be stably patterned. 

Here, when the hydrophilic group-content copolymer contains an excessive ratio of vinyl phenol expressed 
by the structural formula 



the copolymer is soluble in a developer, so that even unexposed parts are solved, and patterns cannot be 
so formed. When the vinylphenol is contained by a too small ratio, resists cannot be well stripped so that stable 
patterning cannot be conducted. Thus it is preferred that the hydrophilic group-content copolymer expressed 
by a structural formula 



55 
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m 

i 

0-R 



OH 



10 



(where X represents H or CH 3 ; 
R represents 



15 



Ri 

or - C - R3 ; 
0 R 2 



20 and 

Ri and R 2 represent H, R 3 represents 



25 



-O - 



Rt represents CH 3 , R 2 represents H, R 3 represents 



30 



R n and R 2 represent CH 3 , R 3 represents 



35 



40 or 

R,, R 2 and R 3 represent CH 3 ); contains vinylphenol by 50 - 70 mol%. It is preferred that the hydrophilic group- 
content copolymer expressed by the structural formula 



45 



x I 'n ^ | 'm 



50 



OH 



O 

I 

C=0 

1 

O-R 



55 



(where R repr s nts 
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CH3 

or -C-CH3 )i 

CH3 

contains vinytphenol by 60 - 80 mol%. 

By use of the radiation sensitive material comprising a copolymer including itaconic anhydride which is ex- 
pressed by 

10 



15 




and a polymer as a unit structure which generates an alkali soluble group in the presence of an acid, and by 
use of a substance generating an acid by application of radiation, resists which have good adhesion can be 
20 formed. That is, because of the strong polarity of itaconic anhydride, adhesion of resists to substrates can be 
greatly improved. 

Itaconic anhydride itself exhibits solubility to alkali, and has to be fed to use itaconic anhydride without 
impairing patterning characteristics. A feed amount of itaconic anhydride is preferably 5-50 mol% although 
this depends on compositions and structures of the polymer. With a feed amount of 5 mol% exclusive of 5 mol%, 
25 the adhesion cannot be improved. With a feed amount exceeding 50 mol%, the resist itself becomes alkali solu- 
ble, the unexposed part of the resist is also resolved, and patterning is impossible. 

Feed of such alkali soluble groups is very effective to improve resolubility of the pattern, and good pat- 
terning characteristics can be obtained. 

The copolymer containing itaconic anhydride has specific structures expressed by the general formula 

30 



Ri R2 R3 R4 



35 




40 

(where I, m and n represent 0 - 60 mol%, 10 - 95 mol%, 5 - 50 mol% respectively; R 1? R 2 , R 3 and R4 represent 
H, halogen, alky) group, substituted alkyl group, nitrile group, -(CH 2 ) n COOR 5 (n=0-1) or -(CHaJn 
COOR6(n=0-1); R 5 represents alkyl group, C U5 substituted alkyla,roup, altcycfic group, substituted alicyclic 
group* aromatic group or substitut^aromatic group^and Re represents t-butyl group, t-amyl group, dimethyl- 
45 benzyl group, tetrahydropyranyl group or 3-oxocyclohexyl group), 




50 



55 



Ri R 2 Ra R4 
Re 

(wher I, m and n represent 1 - 95 mo!%, 10-95 mol% and 5 - 50 mol%; Z r presents b nz ne ring, substituted 
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b nz n ring, nitrile group, -OR 7 , -COR 7 or -OCOR 7 ; R 1f R 2 , R 3 and R4 repres nt H, halog n f alkyl group, 
substituted alky! group, nitrile group, -C(CH 2 ) n COOR 5 (n=0-1) t or-(CH 2 ) n COOR 6 (n=0-1); Re represents t- 
butyl group, t-amyl group, dimethylbenzyl group, tetrahydropyranyl group or 3-oxocycloh xyl group; R 7 repre- 
sents a Chalky! group, C^substitut d alkyl gr up, alicyclic group, substituted alicyciic group, aromatic group 
or substituted aromatic group), 



10 



15 




(where I, m and n represent 0 - 95 mol%, 1-95 mol% and 5-50 mol%; 2 represents benzene ring, substituted 
benzene ring, nitrile group, OR 7 , r COR 7 or -O COR 7 ; R^ R 2 , R 3 and R4 represent H, halogen, alkyl group, 

substituted alkylgroup, nitrile group, -(CH 2) n COOR 5 (n= Q-1) or 
-(CH 2 ) n COOR 6 (n=0-1); andj^jrepresents -OtBu, -OCOOtBu, or -COOt-Amyl), 



25 



30 




R* 



(where I, m and n represent 0-95 mol%, 1-95 mol% and 5-50 mo!%; 2 represents benzene ring, substituted 
benzene ring, nitrile group, OR 7l -COR 7 or-OCOR 7 ; R 1t R 2 , R 3 and R4 represent H, halogen, alkyi group, 
C,^ substituted alkyl group, nitrile group, -(CH2)nCOOR5(n=0-1) or 

-(CH 2 ) n COOR6(n=0-1); and Rg represents -OtBu, -OCOOtBu, or -COOt-Amyl), or other structures. 

Here the so-called alicyclic group is adamantyl, norbornyl, cyclohexyl, a substance partially having tricyclo 
[5.2.1.0] decane skeleton or others, but is not limited to them. 

Groups generating alkali soluble groups in the presence of an acid are t-butyl ester, t-amyl ester, t-butyl 
ether, t-BOC, tetrahydropyranyl, tetrahydropyranyl ether, 3-oxocyclohexyl ester or dimethylbenzyl ester, but 
is not limited to them. 

That is, a resist is formed of the above-described radiation sensitive material, and the resist is applied onto 
a substrate to be processed, prebaked, exposed, post baked and developed, and is subjected to other treat- 
ments, whereby a submicron dimension pattern can be formed stably. 

To obtain more stable patterning characteristics, it is necessary to improve developers. Chemical ampli- 
fying resists have the intrinsic problem that protonic acid becomes inactive on the surface layers due to con- 
tamination by environmental amine, etc. Consequently solubility differences take place between the surface 
and inner layers, which is a serious factor that hinders stable patterning. Especially adamantyl groups, t-butyl 
groups, etc., Hydrocarbons, which are very hydrophobic, especially adamantyl groups, t-butyl groups, etc., are 
effective to hinder dissolution in developers, and are very effective at making the surface insoluble. 

Accordingly, a mixed liquid of an organic alkaline aqueous solution and isopropyl alcohol is used as a de- 
vel per, wh reby solubility is much improved and smaller solubility diff rences between th surfac and inn r 
layers can be obtained, so allowing stabl patterning. Isopropyl alcohol is the most ffectiv alcohol to be added 
as methanol and thanol cause cracks, and peelings are found. The use of this liquid mixture dev loper raised 
the s nsitivity by on or mor places and reduc d strain caused upon development, so that the adhesiveness 
was much improv d. 
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It is preferable that th develop r contains isopropyl alcohol by 5 - 95 vol%. This is becaus cont nt of 
isopropyl alcohol by b Iow5mol%do s not improve th sensitivity, and content abov 95 moI% easily causes 
cracks and crazes. 

A polymer containing an acrylic or methacrylic est r unit, ach having an alicyclic group and a polar struc- 
5 tureatan st r unit, has such a high bas polym r polarity that the very high hydrophobicity due to the alicyclic 
group can be lowered. As a result, polarity differences occur between the polymer and the hydrocarbon-based 
protecting film, and the protecting film can be applied without resolving the resist film, whereby a pattern of 
a desired size can be formed. 

Examples of substances having high polarity structures are ketone, alcohol, ether, ester, carbonic acid, 
10 an acid anhydride, or any one of these substances having some of the atoms of their polar structure replaced 
by sulfur, nitrogen or halogen atoms, but is not limited to them. 

The ratio of feed of the materials having polar structures must be at least 1 - 50 mol%, preferably 20% or 
greater. 

Although the resist containing itaconic anhydride contains highly hydrophobic hydrocarbon groups, the re- 
15 sist permits hydrocarbon-based polymers, which have not been conventionally applied to the resist as a pro- 
tecting film because of the high polarity of itaconic anhydride. 

Formation of such protecting films on the resist can avoid the problem of PED (Post Exposure Delay), 
which is characteristic of chemical width increment resists. 

A high molecular weight hydrocarbon-based solvent is used as the solvent for application of the protecting 
20 film, so that the protecting film can be applied with higher accuracy. Application solvents with too low a boiling 
point make it difficult to uniformly apply the protecting film on wafers. Preferably solvents have boiling points 
above 100°C are used. Examples of preferable solvents are limonene, 1 ,5-cyclooctadiene, 1-decene, t-butyl- 
cyclohexane, p-cymene, dodecylbenzene, etc. 

The hydrocarbon polymer is, for example, olef ine, diene, etc. but is not limited to them as long as the hy- 
25 drocarbon polymers are transparent to exposure wavelengths and are soluble in the above-mentioned solvent. 

The alicyclic group is, for example, cyclohexane, norbornane, adamantyl, and substances having a tricyclo 
[5.2.1.0] decane skeleton, but is not limited to them. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

FIG. 1 is the flow chart of one example of the semiconductor fabrication method according to the present 
invention; 

FIGs. 2A to 2G are sectional views of a semiconductor device in the steps of one example of the semicon- 
ductor fabrication method according to the present invention; 
35 FIG. 3 is the flow chart of another example of the semiconductor fabrication method according to the pres- 

ent invention; 

FIGs. 4Ato 4H are sectional views of a semiconductor device in the steps of another example of the sem- 
iconductor fabrication method according to the present invention. 

40 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An example of the semiconductor fabrication method according to the present invention will be explained 
with reference to FIGs. 1 , and 2A to 2G. 

In patterning a polycrystalline silicon film 14 deposited through an oxide film 13 on a semiconductor sub- 
45 strate 10 with a field isolation 12 formed on as shown in FIG. 2A, a resist film 16 is applied to the semiconductor 
substrate 10 with a polycrystalline silicon film 14 formed on (Step S11), and prebaked (Step S12) (FIG. 2B). 

Then, the semiconductor substrate 10 with the resist film 16 deposited on is exposed through a mask 18 
for selective exposure (Step S13, FIG. 2C). 

Following postbake (Step S14), the resistf ilm 16 is developed with a developer (Step S15) and patterned. 
so Subsequently the semiconductor substrate 10 is rinsed with deionized water (Step S16). Thus the patterned 
resist film 16 is formed on the semiconductor substrate 10 (FIG. 2D). 

Then, with the patterned resist film 16 as a mask, the polycrystalline silicon film 14 is etched by reactive 
ion etching (FIG. 2E). 

Next, the r sist film 16 is remov d, and the patt rning of the polycrystalline silicon film 14 is completed 
55 (FIG,2F). 

Subs qu ntly ion implantation is conducted with the polycrystalline silicon film 14 as a mask to form a 
source / drain diffusion 20, and a MOS transistor including the polycrystalline silicon film 14 as a gate elec- 
trod is fabricated (Fig. 2G). 
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Anoth r example of th semiconduct r fabrication method according to the pr sent inv ntion will b ex- 
plained with r fer nee to FIGs. 3, and 4Ato 4H. 

In patt rning a polycrystalline silicon film 14 d posited through an oxid film 13 on a semiconductor sub- 
strate 10 with a field isolation 12 formed on as sh wn in FIG. 4A, a resist film 16 is applied to th semiconductor 
5 substrate 10 with a polycrystalline silicon film 14 form d on (St p S21), and prebaked (Step S22, FIG. 4B). 

Next, a protecting film 20 (top coat) is applied onto the semiconductor substrate 10 by spin coating (step 
S23), and prebaked (Step S24, Fig. 4C) 

Then, the semiconductor substrate 10 with the resist film 16 and the protecting film 20 deposited on is 
exposed through a mask 1 8 for selective exposure (Step S25, FIG. 4D). 
10 Following postbake (Step S26), chemical solution which can dissolve the protecting film 20 is applied onto 

the semiconductor substrate 10 by spin coating, and the protecting film 20 is stripped (Step S27, Fig. 4E). 

Next, the resist film 16 is developed with a developer (Step S28) and patterned. Subsequently the semi- 
conductor substrate 10 is rinsed with deionized water (Step S29). Thus the patterned resist film 16 is formed 
on the semiconductor substrate 10 (FIG. 4F). 
is Then, with the patterned resistfilm 16 as a mask, the polycrystalline silicon film 14 is etched by reactive 
ion etching (FIG. 4G). 

Next, the resistfilm 16 is removed, and the patterning of the polycrystalline silicon film 14 is completed 
(FIG. 4H). 

As described above, subsequently ion implantation is conducted with the polycrystalline silicon film 14 as 
20 a mask to form a source / drain diffusion 20, and a MOS transistor including the polycrystalline silicon film 14 
as a gate electrode is fabricated. 

Accordingly micronized semiconductor device can be fabricated by excimer laser lithography, which can 
provide highly sensitive, stable patterning characteristics. 

25 [Example 1] 

Adamantyl methacrylate monomer, and t-butyl acrylate monomer were loaded by 1 :1 , and a 5 mol/l toluene 
solution was prepared. 20 mol% of AIBN (azoisobutylo nitrile) expressed by the following structural formula 

30 



35 



40 



50 




was added as a polymerization initiator. Then polymerization was reacted at 80°C for 8 hours, and precipitation 
purification followed. And a copolymer expressed by the following structural formula 



CH 3 H 

-f CH2 ^-b-f CH 2-c-f- 

V I '58 * I '42 



I 

45 0=C 0=C 

6 6 

I 




CH3-C — CHa 
I 

CH3 



and having a 58:42 composition ratio, a 51 00 weight-averaged molecular weight (Mw) and a 1 .43 (Mw/Mn) was 
prepared. A thermal analysis showed that the glass transition temp rature of this polymer was 126°C. 
55 Then triphenylsulfonium h xafluoroantimonate xpressed by the following structural formula 
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5 

was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
none solution was prepared. This solution was applied by spin coating in a 0.7 nm-thickness onto a wafer coat- 
ed with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate at 60°C. 
10 The thus-prepared resist film on the wafer was exposed by KrF excimer stepper (by Nikon, NA=0.45) and 
then was subjected to PEB (Post Exposure Bake) at 100°C for 60 seconds. Subsequently the resist was de- 
veloped for 60 seconds by NMD-3 (by Tokyo Ohka), which is an alkaline aqueous solution and rinses by deion- 
ized water for 30 seconds. A threshold energy Eth of the radiation dose for this exposure was 50 mJ/cm 2 . A 
0.45 urn-wide L & S (line and space) pattern was formed at a 130 mJ/cm 2 radiation dose. 

15 

[Example 2] 

Adamantyl acrylate monomer and t-butyl methacrylate monomer were loaded by 1 :1 , and a 5 mol/l toluene 
solution was prepared. 20 mol% of AIBN (azoisobutylo nitrile) was added as a polymerization initiator. Then 
20 polymerization was reacted at 80°C for 8 hours, and precipitation purification followed. And a copolymer ex- 
pressed by the following structural formula 



25 H f" 3 

o=c 



30 



35 



40 



45 



55 




o 

I 

CH3-C — CH 3 

I 

CH3 

and having a 50:50 composition ratio, a 4180 weight-averaged molecular weight and a 1.59 degree of disper- 
sion was prepared. A thermal analysis showed that the glass transition temperature of this polymer was 94°C. 
Then triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 




was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyciohexa- 
none solution was prepared. This solution was applied by spin coating in a 0.7 urn-thickness onto a wafer coat- 
ed with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate of 60°C. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 
so to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds by NMD-3, which is 
an alkaline aqueous solution and rinsed by deionized water for 30 seconds. A threshold energy Eth of the ra- 
diation dose for this exposure was 81 mJ/cm 2 . A 0.50 jim-wide L & S pattern was formed. 



[Example 3] 



Adamantyl acrylate monomer, and t-butyl acrylate monomer w re loaded by 1:1, and a 5 mol/l tolu ne 
solution was prepared. 20 mol% of AIBN was added as a polymerization initiator. Th n polymerizati n was re- 
acted at 80°C for 8 hours, and precipitation purification with methanol follow d. And a copolym r expr ssed 



26 



BNSDOCID: <EP 06636 16A2_I_> 



EP 0 663 616 A2 



by the following structural formula 

H H 
-f CH 2 -C-j~f CH 2 -C")" 

* | '47 * | '53 

o=c o=c 



10 




15 and having a 47:53 composition ratio, a 461 0 weight-average molecular weight and a 1 .83 degree of dispersion 
was prepared. A thermal analysis showed that the glass transition temperature of this polymer was 72°C. 
Then triphenylsulfonium hexaf luoroantimonate expressed by the following structural formula 



20 




25 was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyciohexa- 
none solution was prepared. This solution was applied by spin coating in a 0.7 ^m-thickness onto a wafer coat- 
ed with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate of 60°C. 

The thus- prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 
to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds by NMD-3, which is 

30 an alkaline aqueous solution and rinsed by de ionized water for 30 seconds. A threshold energy Eth of the ra- 
diation dose for this exposure was 37 mJ/cm 2 . A 0.50 jim-wide L & S pattern was formed. 

[Control 1] 

35 Adamant yl methacryiate monomer, and t- butyl methacrylate monomer were loaded by 1 :1 , and a 5 mol/l 

toluene solution was prepared. 20 mol% of AIBN was added as a polymerization initiator. Then polymerization 
was reacted at 80°C for 8 hours, and precipitation purification followed. And a copolymer expressed by the 
following structural formula 

" CH 3 CHj 

o=c o=c 



45 



50 




and having a 59:41 composition ratio, a 3351 weight-average molecular weight and a 1.31 degree of dispersion 
was prepared. No glass transition temperature of this polymer was found by a thermal analysis. 
Then triph nylsulfonium hexaf luoroantimonate xpressed by the following structural formula 

55 



27 



BNSDOCID: <EP 0683S16A2 I > 



EP0 663 616 A2 




was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
none solution was prepared. This solution was applied by spin coating in a 0.7 ^m-thickness onto a wafer coat- 
ed with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate of 60°C. 
10 The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 

to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds by NMD-3, which is 
an alkaline aqueous solution and rinsed by deionized water for 30 seconds. The development did not advance, 
and no pattern was formed. 

15 [Control 2] 

Adamantyl methacrylate monomer, and t-butyl methacryiate monomer were loaded by 1:1, and a 5 mol/l 
toluene solution was prepared. 20 mol% of AIBN was added as a polymerization initiator. Then polymerization 
was reacted at 80°C for 8 hours, and precipitation purification followed. And a copolymer expressed by the 
20 following structural formula 

CH3 CH3 

-fCH 2 ~C-j-f CH 2 -64- 

25 V I '47 ' I '53 

o=c o=c 

t I 

0 o 



30 




CH 3 ~C — CH 3 
I 

CH 3 



and having a 47:53 composition ratio, a 19000 weight-averaged molecular weight and a 1.51 degree of dis- 
35 pension was prepared. No glass transition temperature of this polymer was found by a thermal analysis. 
Then triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 



[OH*" 

was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
45 none solution was prepared. This solution was applied by spin coating in a 0.7 ^m-thickness onto a wafer coat- 
ed with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate of 60°C. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 
to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds by NMD-3, which is 
an alkaline aqueous solution and rinsed by deionized water for 30 seconds. An exposed region was reduced 
so to about 1 0 % at a radiation dose of 1 02 m JfcaP, but the residual film did not disappear even at higher expos- 
ures. 

[Example 4] 

55 Dimethyladamantyl acrylate monomer, and t-butyl methacrylate monomer were load d by 1:1, and a 5 

mol/l tolu ne solution was prepared. 20 mol% of AIBN (azoisobutylo nitrite) was added as a polymerization 
initiator. Then polymerization was react d at 80°C f r 8 hours, and precipitation purification followed. And a 
c polymer expressed by th following structural formula 
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o=c o=c 

0 0 



and having a 47:53 composition ratio, a 3650 weight-averaged molecular weight and a 1.64 degree of disper- 
sion was prepared. A thermal analysis showed that the glass transition temperature of this polymer was 66°C. 
Then triphenyisulfonium hexaf luoroantimonate expressed by the following structural formula 



was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
none solution was prepared. This solution was applied by spin coating in a 0.7 urn-thickness onto a wafer coat- 
ed with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate of 60°C. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 
to PEB at 100°C for60 seconds. Subsequently the resist was developed for 60 seconds by NMD-3, which is 
an alkaline aqueous solution and rinsed by deionized water for 30 seconds. A threshold energy Eth of the ra- 
diation dose for this exposure was 81 mJ/cm 2 . A minimum resolution was a 0.35 urn-wide L & S. 



Dimethyladamantyl acrylate monomer, and t-butyl acrylate monomer were loaded by 1:1, and a 5 mol/l 
toluene solution was prepared. 20 mol% of AIBN (azoisobutylo nitrite) was added as a polymerization initiator. 
Then polymerization was reacted at 80°C for 8 hours, and precipitation purification followed. And a copolymer 
expressed by the following structural formula 



and having a 50:50 composition ratio, a 4050 weight-averaged molecular weight and a 1.71 degree of disper- 
sion was prepared. A thermal analysis showed that the glass transition temperature of this polymer was 47°C. 
Then triph nylsulf nium hexaf luoroantimonate expressed by th following structural formula 




[Example 5] 




c 

I 

o 



o=c 

0 
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S + SbF 6 " 



was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
none solution was prepared. This solution was applied by spin coating in a 0.7 jim-thickness onto a wafer coat- 
ed with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate of 60°C. 
w The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 

to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds by NMD-3, which is 
an alkaline aqueous solution and rinsed by deionized water for 30 seconds. A threshold energy Eth of the ra- 
diation dose for this exposure was 81 mJ/cm 2 . A minimum resolution was a 0.30 ^wide L & S. 

15 [Control 3] 

Adamantyl methacrylate monomer, and t-butyl methacrylate monomer were loaded by 3:7, and a 5 mol/l 
toluene solution was prepared. 20 mol% of AIBN (azoisobutylo nitrile) was added as a polymerization initiator. 
Then polymerization was reacted at 80°C for 8 hours, and precipitation purification followed. And a copolymer 
20 expressed by the following structural formula 



CH 3 CH 3 

^CH 2 -c4^CH2-c4- 
1 l '30* . i ho 



25 \ | '30 * | '70 

o=c o~c 




CH 3 -C-CH 8 

I 

CH 3 



and having a 30:70 composition ratio, a 8400 weight-averaged molecular weight and a 1.61 degree of disper- 
35 sion was prepared. No glass transition temperature of this polymer was not found by a thermal analysis. 
Then triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 




40 



was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and cyclohexanone 
45 solution was prepared. This solution was applied by spin coating in a 0.7 um-thickness onto a wafer coated 

with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate of 60°C. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 

to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds by NMD-3, which is 

an alkaline aqueous solution and rinsed by deionized water for 30 seconds. A threshold energy Eth of the ra- 
so diation dose for this exposure was 81 mJ/cm 2 . A minimum resolution was a 0.50 urn-wide L & S, and smaller 

patterns peeled off and could not be found. 

[Exampl 6] 

55 Adamantyl methacrylate monom r, t-butyl methacrylate monomer and methacrylic acid w re loaded by 

2:1 :1 . 0.5 mol/l 1 ,4-dioxane solution was used, and 20 mol% of AIBN was added as a polymerization initiator. 
Th n polymerization was react d at 80°C for 8 hours, and precipitation purification with n-hexane followed. 
And a terpolymer expressed by the following structural f rmula 
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20 



25 



30 



35 



CH 3 CH3 CH3 

-f c ^-^ CH2 "^ CH2 ""'^ 

o«c o=c o=c 
6 o OH 

CH3-C-CH3 

1 

CH 3 

and having a 59:27:14 composition ratio, a 6242 weight-averaged mo.ecu.ar weight and a 2.14 degree of dis- 

iion wc 
Thenl 




„ person was hexaf|uoroantimonate expressed by the foi.owing structura. fcrmula 



40 



45 



-S + SbF 6 




ed with hard-baked novolak resin, and prebaked for 1W •J^^SS.p- and then was subjected 

ItonZelr this exposure was 100 mJ/cm*. A0.45 urn-wide L & S pattern was formed. 
[Example 7] 

for 45 minutes, and was subjected to PEB, the pattern was not formed. 
[Control 4] 

Resultantly a copolymer expressed by 

CH 3 H 
0=C 0=C 

6 6 

' I 

CH 3 -C -CH 3 
I 

CH3 

and having a compositi n ratio f 59:42, a 5100 w ight-averag molecular w ight, and a 1.43 d greeofdis- 
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p rsionwaspr pared. Th glass transition t mperatureofthiscop lym rgiv n by thermal analysis was 126°C. 
Then triphenylsulf nium hexafluoroantimonat expressed by the following structural formula 



5 




10 was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
none solution was prepared. This solution was applied by spin coating in a 0.7 nm-thickness onto a wafer coat- 
ed with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 
to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds by NMD-3, which is 

15 an alkaline aqueous solution and rinsed by deionized water for 30 seconds. A threshold energy Eth of the ra- 
diation dose for this exposure was 50 J/cm 2 . A 0.45 um wide L & S pattern was formed at 130 mJ/cm 2 . The 
profile of a 1 urn hole pattern had "eaves" of an unsolved superficial layer. 

[Control 5] 

20 

In Control 4, after the exposure, the resist film was left for 45 minutes and was subjected to PEB. A Sub- 
stantially upper half of the pattern was covered with the superficial unsolved layer. Accordingly the pattern 
could not be formed. 

25 [Example 8] 

Adamantyl methacrylate monomer, t-butyl methacrylate monomer and methacrylic acid were loaded by 
2:1:1, and 0.5 mol/l 1,4-dioxane solution was prepared. 20 mol% of AIBN was added as a polymerization ini- 
tiator. Then polymerization was reacted at 80°C for about 8 hours, and precipitation purification with n-hexane 
30 followed. And a terpolymer expressed by the following structural formula 



CH 3 CH 3 CH 3 

-f cH »-?-)^ cH2 -^ cHj -?^ 

o=c o=c o=c 



40 




45 and having a 53:27:20 composition ratio, a 4523 weight-averaged molecular weight and a 1.92 degree of dis- 
persion was prepared. 

Then triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 



50 




55 was added as an acid g nerating substance by 15 wt% to the thus-synth sized copolym r, and a cyclohexa- 
none solution was prepared. This solution was appli d by spin coating in a 0.7 nm-thickn ss onto a waf r coat- 
ed with hard-baked novolak resin, and prebak d for 100 s conds on a hot plate of 130°C. 

Th thus-prepared resist film on the waf r was xpos d by KrF xcimer stepp r and then was subjected 
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10 



to PEBat130°Cfor60s conds. Subs quently the resist was immers d for 90 seconds in an NMD-3 solution, 
an alkaline aqu ous solution, dilut d by a 20-tim amount of d ionized water and dev loped, and th n rins d 
with deioniz d wat r for 30 seconds. Th threshold energy Eth of the radiation dose for this xposur was 57 
mJ/cm 2 . A 0.30 urn-wide L & S pattern was formed. 

[Control 6] 

Adamantyl methacrylate monomer, t-butyl methacrylate monomer and methacrylic acid were loaded by 
2:1:4, and 0.5 mol/l 1,4-dioxane solution was prepared. 20 mol% of AIBN was added as a polymerization ini- 
tiator. Then polymerization was reacted at 80°C for about 8 hours, and precipitation purification with n-hexane 
followed. And a terpolymer expressed by the following structural formula 



15 



20 



CH 3 

i 



CH 3 CH 3 




0 

CH 3 -C -CH 3 
CH 3 



0=C 
OH 



25 



and having a 43:31:36 composition ratio, a 4115 weight-averaged molecular weight and a 1.95 degree of dis- 
persion was prepared. 

Then triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 



30 



35 




S + SbFe" 



40 



was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
none solution was prepared. This solution was applied by spin coating in a 0.7 um-thickness onto a wafer coat- 
ed with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate of 130°C. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 
to PEB at 1 30°C for 60 seconds. Subsequently the resist was immersed for 90 seconds in an NMD-3 solution, 
an alkaline solution, diluted by a 20-time amount of deionized water, and the resist film disappeared. 



45 



[Example 9] 

To adamantyl methacrylate - t-butyl methacrylate - hydroxyethyl methacrylate terpolymer expressed by 
the following structural formula 



50 



55 
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CH 3 CH3 CH 3 

-(.C^-C-y-C^-C-y-CHa-C-^ 



o=c 

0 




o=c o=c 

I 

0 

I 

CH3-C-CH3 

I 

CH 3 



0 

CH 2 CH 2 OH 



15 



20 



25 



35 



40 



45 



50 



55 



and having a composition ratio of 53:44:4, a 8800 weight-average molecular weight and a 1.84 degree of dis- 
persion, 15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 



S + SbF e " 




was added as an acid generating substance to prepare a cyciohexanone solution. This solution was applied 
to an Si wafer treated with HMDS (hexamethyldisilazane) and then baked on a hot plate of 60°C for 100 sec- 
onds. And a 0.65 um-thickness resist film was prepared. 

The thus-prepared resist film was exposed by a KrF excimer stepper and was subjected to PEB at 1 30°C 
for 60 seconds. Subsequently the resist film was developed with an aqueous solution of 2.38 % of TM AH (tet- 
ramethyl ammonium hydroxide). The radiation dose for this exposure was 110 mJ/cm 2 . A 0.4 urn-wide L & S 
pattern was resolved. 

30 [Example 10] 

To adamantyl methacrylate - t-butyl methacrylate - hydroxyethyl methacrylate terpolymer expressed by 
the following structural formula 




CH 3 CH 3 CH 3 

^ch 2 ^c-^|ch 2 -c^h(-ch 2 -6^ 
o=c o=c o=c 

» I I 

0 0 . 0 

1 I I 
CH 8 -C-CH 3 CH2CH2OH 

I 

CH a 

and having a composition ratio of 48:40:12, a 8400 weight-average molecular weight and a 1 .94 degree of dis- 
persion, 15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 



S + SbF 6 " 



was add d as an acid generating substance to prepare a cyciohexanone solution. This solution was applied 
to an Si wafer treated with HMDS (h xamethyldisilazan ) and th n baked on a hot plate of 60°C for 100 s c- 
onds. And a 0.65 urn-thickness resist film was prepared. 
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The thus-prepared r sist film was xposed by a KrF excim r stepper and was subj ct d to PEB at 130°C 
for 60s conds. Subsequently th resist film was d velop d with an aqueous soluti n of 2.38 % of TMAH (tet- 
ram thylammonium hydr xid ). Theradiati ndos for this exposure was 40 mJ/cm 2 . A 0.4 nm-wid L&Spat- 
t rn was r solved. 

5 

[Control 7] 

To adamantyl methacrylate-t-butyi methacrylate copolymer expressed by the following structural formula 

CH 3 

C h 2 _c4- 
o-c 

I 

o 

t 

CH3-C-CH3 

1 

CH 3 

and having a composition ratio of 61:39, a 7900 weight-average molecular weight and a 1.82 degree of dis- 
persion, 1 5 wt% of triphenylsulfonium hexaf luoroantimonate expressed by the following structural formula 

25 




30 

was added as an acid generating substance to prepare a cyclohexanone solution. This solution was applied, 
by spin coating, to a wafer coated with hard-baked novolak and baked on a hot plate of 60°C for 100 seconds. 
And a 0.65 ^im-thickness resist film was formed. 

The thus-prepared resist film was exposed by a KrF excimer stepper and was subjected to PEB at 1 00°C 
35 for 60 seconds. Subsequently the resist film was developed with an aqueous solution of 2.38 % of TMAH (tet- 
ramethylammonium hydroxide). The radiation dose for this exposure was 40 mJ/cm 2 . A 0.4 um-wide L & S pat- 
tern was resolved, but the pattern could not be reproduced. 

[Example 11] 

40 

Adamantyl methacrylate monomer, and di-t-butyi rtaconate monomer were loaded by 1 :3. 20 moI% of MAI B 
(dimethyl 2,2-azoisobisbutylate) expressed by the following structural formula 

45 CH 3 CH 3 

I I 
CH3-C N =N— C — CH 3 

I I 
C0 2 CH 3 C0 2 CH3 

50 

was added as a polymerization initiator. Then, bulk polymerization followed at 80°C for about 3 hours. The poly- 
merization was followed by precipitation purification with methanol. 

Resultantly the copolymer expressed by the following structural formula 

55 
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20 
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0=C C02C(CH 3 ) 3 

1 

0 



10 




and having a composition ratio of 59:41 , a weight-average molecular weight of 9357 and a 2.44 degree of dis- 
15 persion was prepared. 

Then triphenylsulfonium hexaf luoroantimonate expressed by the following structural formula 



20 




was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
25 none solution was prepared. This solution was applied, in a 0.7 um-thickness by spin coating, to an HMDS 

treated Si wafer, and prebaked for 1 00 seconds on a hot plate of 60°C. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 

to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with NMD-3, which 

is a alkaline aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
30 of the radiation dose for this exposure was 5.6 mJ/cm 2 . A resolution was a 0.7 urn-wide L & S pattern. 

[Control 8] 

Adamantyl methacrylate monomer, and t-butyl acrylate monomer were loaded by 1:1. 20 mol% of MAIB 
35 expressed by the following structural formula 

CH 3 CH 3 

I I 

40 CH3— C- — N =N— C — CH 3 

I I 
CO2CH3 CO2CH3 

45 was added as a polymerization initiator. Then, bulk polymerization followed at 80°C for about 3 hours with tol- 
uene as a reaction solvent. The polymerization was followed by precipitation purification with methanol. 
Resultantly the copolymer expressed by the following structural formula 



50 



55 
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50 



CH 3 H 
^CH 2 -C-^CH 2 -C^ 

o=c o=c 



CH 3 -C — CH 8 
CH 3 




and having a composition ratio of 59:41 , a weight-average molecular weight of 6061 and a 1 .24 degree of dis- 
15 persion was prepared. 

Then triphenyisulfonium hexaf luoroantimonate expressed by the following structural formula 



-S + $bF 6 ~ 




20 



was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
25 none solution was prepared. This solution was applied, in a 7 um-thickness by spin coating, to an HMDS treated 

Si wafer, and prebaked for 100 seconds on a hot plate of 60°C. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 

to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with NMD-3, which 

is a alkaline aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
30 of the radiation dose for this exposure was 25.1 mJ/cm 2 . Aminimum resolution was a 0.5 ^im-wide L & S pattern. 

[Example 12] 

To di-t-butyl itaconate monomer, 20 mol% of MAIB expressed by the following structural formula 

35 

CH 3 CH 3 

CH3— C N =N— C — CH 3 

I I 
40 CO2CH3 CO2CH3 

was added. Then bulk polymerization followed at 80°C for about 9.5 hours. The polymerization was followed 
by precipitation purification with methanol. Resultantly the copolymer expressed by the following structure for- 
45 muia 



CH2C0 2 C(CH3) 2 

-^CH 2 — C-) 

CO2C (CH 3 ) 3 



55 and having aw ight-av raged mol cular weight of 6061 and a 1.24 d gree of dispersion was prepared. 
Then triphenyisulfonium hexaf luoroantimonat express d by the following structural formula 
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25 



45 



50 



55 




was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
none solution was prepared. This solution was applied, in a 0.7 urn-thickness by spin coating, to an HMDS 
treated Si wafer, and prebaked for 100 seconds on a hot plate of 60°C. 
10 The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 

to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with NMD-3, which 
is a alkaline aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
of the radiation dose for this exposure was 7 mJ/cm 2 . A resolution was a 0,5 um-wide L & S pattern at a 11 
mJ/cm 2 radiation dose. 



[Example 13] 

Adamantyl methacrylate monomer, and di-t-butyl fumarate monomer were loaded by 1:3, and 20 mol% 
of MAIB expressed by the following structural formula 

CH 3 CH 3 
I I 

CH3—C N =N— C — CH 3 

I I 
C0 2 CH 3 C0 2 CH 3 



was added. Then bulk polymerization followed at 80°C for about 25 hours. The polymerization was followed 
30 by precipitation purification with methanol. Resultantly the copolymer expressed by the following structure for- 
mula 

CH 3 C0 2 C (CH 3 ) 3 
-iCH 2 -C-4-4CH--CH4— 

' J '38 * | '64 

0=C C0 2 C(CH3) 3 
0 

40 I 




and having a composition ratio of 36:64 and a weight-average of 22645 and a 2.44 degree of dispersion was 
prepared. 

Then triphenyisulfonium hexafluoroantimonate expressed by the following structural formula 




was add d as an acid gen rating substanc by 15 wt% to the thus-synthesized copolym r, and a cyclohexa- 
non solution was prepar d. This solution was applied, in a 0.7 unvthickn ss by spin coating, to an HMDS 
treated wafer, and pr baked for 1 00 s conds on a hot plate of 60°C. 
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The thus-prepared resist on the waf r was expos d by KrF xcimer stepp r and then was subjected to 
PEB at 100°C for 60 s conds. Subs quenttyther sistwasdevel p d for 60s conds with NMD-3, which is a 
alkaline aqueous solution, and th n rins d with deioniz d wat r for 30 s conds. The thr shold energy Eth of 
the radiati n dose for this xposure was 5 mJ/cm 2 . A r solution was a 0.5 nm-wide L & S pattern. 

[Control 9] 



To the adamnatylacrylate - t-butyi methacrylate copolymer expressed by the following structural formula 



CH 3 CH 3 

-4 CH 2 — c4-f - CH 2 — C-i- 
\ \ ho* I HO 



■ 

0 

! 




CH3-C-CH3 
I 

CH 3 



and having a composition ratio of 30:70, a weight-averaged molecular weight of 844 and a 1 .61 degree of dis- 
persion, 15 wt% of triphenyisulfonium hexafluoroantimonate expressed by the following structural formula 

25 



30 




as a polymerization initiator was added, and a cyclohexanone solution was prepared. This solution was applied, 
by spin coating, to a wafer coated with hard-baked novolak and baked on a hot plate of 60°C for 100 seconds. 
And a 0.7 um-thickness resist film was formed. 
35 The thus-prepared resist film on the wafer was exposed by KrF excimer stepper, then subjected to PEB 

at 100°C for 60 seconds, and developed with a 2.38% TMAH aqueous solution, The threshold energy Eth of 
the radiation dose for this exposure was 1 5 m J/cm 2 . A0.4 u.m-wide L & S pattern was resolved, and the pattern 
could not be reproduced. 

40 [Example 14] 

Methacrylonitrile monomer and t-butyl methacrylate were loaded by 1 :1 , and 5 mol/l of 1 ,4-dioxane solvent 
and 1 rnol% of AIBN as a polymerization initiator were added. Polymerization was reacted at 80°C for about 8 
hours. The polymerization was followed by precipitation purification with an aqueous methanol solution (me- 
45 thanol : water = 2:1). Resultantly the polymerization expressed by the following structural formula 



so 



55 



CHa CH3 
CN 0=C 

t 

0 

I 

CH 3 -C— CHa 
I 

CH 3 
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and having a composition ratio f 41:59, a w ight-average mol cular weight of 16400 and a 1.77 degree of 
dispersi n was pr pared. The copolym r had a 98% transmittance f r a 1 urn film thickness at the KrF laser 
wavel ngth. 

Th n, 13wt%cycloh xan n solution of this copolym r was prepared, and to this solution, 15 wt% of tri- 
phenylsulfonium hexaf luoroantim nate expr ss d by the following structural formula 



10 




was added as an acid generating substance to prepare resist solution. This solution was applied, by spin coat- 
ing, to an HMDS treated Si wafer, and prebaked for 1 00 seconds on a hot plate of 100°C. And a 0.7 ^m-thick- 
15 ness resist film was formed. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper, and then immersed in 
2.38% TMAH aqueous solution for 60 seconds for development. At a 70 mJ/cm 2 radiation dose, a 0.3 um-wide 
L & S pattern was resolved. 

20 [Example 15] 

Acrylonitrile monomer and t-butyl methacrylate were loaded by 3:7, and 5 mol/l of 1 ,4-dioxane solvent and 
1 mol% of AIBN as a polymerization initiator were added. Polymerization was reacted at 80°C for about 8 hours. 
The polymerization was followed by precipitation purification with an aqueous methanol solution (methanol : 
25 water = 2:1). Resultantly the polymerization expressed by the following structural formula 



CH3 CH 3 

CN 0=C 
0 

35 CH3-C-CH3 

I 

CH3 

and having a composition ratio of 25:75, a weight-average molecular weight of 18800 and a 1.73 degree of 
40 dispersion was prepared. The copolymer had a 98% transmittance for a 1 urn film thickness at the KrF laser 
wavelength. 

Then, using this copolymer, a pattern was formed in the same process as in Example 14. A 0.35 ujn-wide 
L & S pattern was resolved. 

45 [Example 16] 

Methacrylonitrile monomer and t-butyl methacrylate were loaded by 1 :1, and 5 mol/l of 1,4-dioxane solvent 
and 1 mol% of AIBN as a polymerization initiator were added. Polymerization was reacted at 80°C for about 8 
hours. The polymerization was followed by precipitation purification with an aqueous methanol solution (me- 
so thanol : water = 2:1). Resultantly the polymerization expressed by the following structural formula 



55 



40 



BNSDOCID: <EP 066361 6A2J_> 



EP0 663 616 A2 



10 



25 
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35 
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55 



H CH 3 
CN 0=C 

i 

o 

CH3-C-CH3 
I 

CH 3 



and having a composition ratio of 43:57, a weight-average molecular weight of 31800 and a 1.53 degree of 
dispersion was prepared. 

15 Then, using this copolymer, a pattern was formed in the same process as in Example 14. A 0.35 jim-wide 

L & S pattern was resolved. 

[Control 10] 

20 5 mol/l of a solvent, 1 ,4-dioxane, and 1 mol% of AIBN, a polymerization initiator, were added to t-butyl me- 

thacrylate monomer, and polymerization was reacted at 80°C for about 8 hours. The polymerization was fol- 
lowed by precipitation purification with an aqueous solution of methanol (methanol : water = 2:1). Resultantly 
the homopolymer expressed by the following structural formula 



CH 3 
■|CH 2 -C-)- 



o=c 

I 

0 

I 

CH3-C -CH 3 
I 

CH 3 

and having a weight-averaged molecular weight of 36000, and a 1 .82 degree of dispersion was prepared. 

Then, using this copolymer, a pattern was formed in the same process as in Example 14. L & S patterns 
of below 1 nm-wide peeled off. 

[Example 17] 



Three kinds of monomers of methacryjonitrHe, t-butyl methacrylate. and adamant vl methacrylate were 
loaded by 1^2^andJ_moi/Lof a solvent, 1,4-dioxane, and 1 mol% of AIBN, a polymerization initiator were add- 
45 ed. Polymerization was reacted at 80°C for about 8 hours. The polymerization was followed by precipitation 
purification with an aqueous solution of methanol (methanol : water = 2:1). Resultantly the terpolymer ex- 
pressed by the following structural formula 



50 
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I 
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I 

CH3-C-CH3 

I 

CH 3 



CN 



and having a composition ratio of 10:54:36, a weight-averaged molecular weight 5750 and a 1.21 degree of 
dispersion was prepared. 

Then, using this copolymer, a pattern was formed in the same process as in Example 14. A 0.7 u.m-wide 
L & S pattern was resolved at a 250 mJ/cm 2 radiation dose. 

[Control 11] 

Using t-butyl methacryiate-adamantyl methacrylate copolymer of a composition ratio of 70:30, patterns 
were formed in the same process as in Example 14. The patterns were completely peeled off. 

[Example 18] 

15 wt% cyclohexanone solution of adamantyl methacrylate-3-oxocyclohexyl methacrylate copolymer ex- 
pressed by the following structural formula 



CH 3 . CH 3 




40 

and having a composition ratio of 41:59, a 13900 weight-averaged molecular weight and a 1.51 degree of dis- 
persion was prepared. To this solution, 15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the 
following structural formula 




was added as an acid generating substance to prepare a resist solution. This solution was applied by spin coat- 
ing to a wafer coated with hard-baked novolak resin and baked for 100 seconds on a hot plate of 100°C. A 0.7 
nm-thickn ss resist film was formed. 

The thus-prepar d resist film on the wafer was exposed by KrF xcimer stepp r, and then subjected to 
PEB for 60 seconds. Subs quently the resist film was immers d in mix d liquid of 2.38% TM AH aqu ous sol- 
ution and isopropyl alcohol mixed by a volume ratio of 1:1 for 60 s conds for developm nt. At a 26 mJ/cm 2 
radiation dose, a 0.25 urn-wid L & S pattern was resolved. 
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[Control 12] 

Th same process as in Example 18 was conducted, and a PEB treat d waf r was imm rs d in 2.38% 
TMAH aqueous solution for 60 seconds for dev lopm nt The minimum resolved patt rn was 0.45 um-wid L 
5 &S. 

[Example 19] . 

15 wt% cyclohexanone solution of adamantyl methacrylate-3-oxocydohexyl methacrylate copolymer ex- 
10 pressed by the following structural formula 



CH 3 



J5 



o=»c 



20 




CH 3 




25 



and having a composition ratio of 41:59, a 13900 weight-averaged molecular weight and a 1.51 degree of dis- 
persion was prepared. To this solution, 15 wt% of triphenyisulfonium hexafluoroantimonate expressed by the 
following structural formula 



30 



35 



40 



45 



50 




S*SbF 6 " 



was added as an acid generating substance to prepare a resist solution. This solution was applied by spin coat- 
ing to a wafer treated with HMDS (hexamethyl disilazane), and baked for 100 seconds on a hot plate of 100°C. 
A 0.7 urn-thickness resist film was formed. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper, and then subjected to 
PEB for 60 seconds. Subsequently the resist film was immersed in mixed liquid of 2.38% TMAH aqueous sol- 
ution and isopropyt alcohol mixed by a volume ratio of 1:1 for 60 seconds for development. At a 32 mJ/cm* 
radiation dose, a 0.30 um-wide L & S pattern was resolved. 

[Control 13] 

The same process as in Example 19 was conducted, and a PEB treated wafer was immersed in 2.38% 
TMAH aqueous solution for 60 seconds for development. Patterns of below 1 urn were completely peeled off. 

[Example 20] 

Adamantyl methacrylate monomer and t-butyl methacrylate monomer were loaded by 1:1, and 5 mol/l tol- 
uene solution was prepared. 20 mo!% of AIBN was added as a polymerization initiator. Then polymerization 
was r acted at 80°C for about 8 h urs, and precipitation purification with methanol followed. And a copolymer 
express d by the following structural formula 



55 
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CH3 CH 3 

4cH 2 -c4-fCH 2 -c4- 
* I '59 » , k\ 

5 0»G 0= C 

■6 6 
i 

[Yl CH3-C — CH3 

- . ■ IU CHa 

and having a 59:41 composition ratio, a 3351 weight-average molecular weight and a 1.31 degree of dispersion 
was prepared. No glass transition temperature of this polymer was found by a thermal analysis. 
15 Then triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 



20 




was added as an acid generating substance by 15 wt% to the thus-synthesized copolymer, and a cyclohexa- 
none solution was prepared. This solution was applied by spin coating in a 0.7 um-thickness onto a wafer coat- 

25 ed with hard-baked novolak resin, and prebaked for 100 seconds on a hot plate of 60°C. 

The thus-prepared resist film on the wafer was exposed by KrF excimer stepper and then was subjected 
to PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with mixed liquid of 
an alkaline aqueous solution, NMD- 3 and isopropyl alcohol mixed by a volume ratio of 1:1, and rinsed with 
deionized water for 30 seconds. The threshold energy Eth of the radiation dose for this exposure was 8 mJ/cm 2 . 

30 The minimum resolved pattern was a 0.30 fim-wide L & S. 

[Example 21] ; 

The same process as in Example 20 was conducted. As a development liquid, the mixed liquid in Example 
35 20 was replaced by mixed liquid of NMD-3 and isopropyl alcohol mixed by a volume ratio of 3:3 was used. A 
0.40 jim-wide L & S pattern was resolved at a 42 mJ/cm 2 radiation dose. 

[Example 22] 

40 The same process as in Example 20 was conducted. As a development liquid, the mixed liquid in Example 

20 was replaced by mixed liquid of NMD-3 and isopropyl alcohol mixed by a volume ratio of 9:1 was used. A 
0.40 nm-wide L & S pattern was resolved at a 98 mJ/cm 2 radiation dose. 

[Control 14] 

45 

The same process as in Example 20 was conducted. As a developer, the mixed liquid in Example 20 was 
replaced by isopropyl alcohol. A pattern completely peeled off. 

[Example 23] 

50 

1 5 wt% cyclohexanone solution of adamantyl methacrylate - 3-oxocyclohexyl methacrylate copolymer ex- 
pressed by the following structural formula^ 



55 
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CH 3 

4CH 2 -c4^CH 2 ~c4- 

\ i '59 I '41 




and having a composition ratio of 41 :59, a 1 3900 weight-averaged molecular weight and a 1 .51 degree of dis- 
persion was prepared. To this solution, 1 wt% of triphenylsulfonium hexafluoroantimonate expressed by the 
15 following structural formula 



20 




S + SbF 6 " 



25 



30 



35 



40 



45 



was added to the polymer to prepare a resist solution. This solution was applied by spin coating to a wafer 
coated with hard-baked novolak resin, and baked for 100 seconds on a hot plate of 100°C. And a 0.7 urn-thick- 
ness resist film was formed. 

The thus-prepared resist film on the wafer was exposed by an KrF excimer stepper, and then subjected 
to PEB at 150°C for 60 seconds. Subsequently the resist film was immersed in mixed liquid of 2.38% of TMAH 
aqueous solution and isopropyl alcohol by a 1:1 volume ratio for development A 0.35 nm-wide L & S pattern 
was resolved at a 88 mJ/cm 2 radiation dose. 

[Control 15] 



Using adamantyl methacrylate-t- butyl methacrylate copolymer expressed by the following structural for- 



mula 



CH 3 



CH 3 



-fcHi-c-H-CHi-c-)- 

» I '58 \ I '41 



I 

0 

I 




I 

o=c 

0 

I 

CH 3 -C— CH 3 

I 

CH 8 



the same process as in Example 23 was conducted to form a pattern. No pattern was formed. 
50 [Example 24] 

15 wt% of cyclohexanone solution of adamantyl methacrytate-3-oxocyclohexyl methacrylate copolymer 
xpr ss d by the following structural formula 
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_L C H 2 --C4-4CH 2 -C4- 
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O-C 0=C 

t Jb 

and having a 41:59 composition ratio, a 13900 weight-averaged molecular weight, and a 1.51 degree of dis- 
15 pension was prepared. To this solution, 1 wt% of triphenylsulfonium hexafluoroantimonate expressed by the 
following structural formula 



20 




was added to the polymer to prepare a resist solution. This solution was applied by spin coating to a wafer 
25 coated with hard-baked novolak resin, and baked for 1 00 seconds on a hot plate of 1 00°C. And a 0.7 urn-thick- 
ness resist film was formed. 

The thus-prepared resist film on the wafer was exposed by an ArF excimer stepper (NA=0.55), and then 
subjected to PEB at 150°C for 60 seconds. Subsequently the resist film was immersed in mixed liquid of 2.38 
% of TMAH aqueous solution and isopropyl alcohol by a 1 :1 volume ratio for development. A 0.2 um-wide L & 
30 S pattern was resolved at a 25 mJ/cm 2 radiation dose. 

[Example 25] 

15 wt% of cyclohexanone solution of adamantyl methacrylate - 3-oxocyclohexyl methacrylate copolymer 
35 expressed by the following structural formula 



40 



CH 3 

-4ch 2 -c-)— f'CHa- 
0=C 0= 



45 




50 



and having a 41:59 composition ratio, a 13900 weight-averaged molecular weight, and a 1.51 degree of dis- 
persion was prepared. To this solution, 2 wt% of triphenylsulfonium hexafluoroantimonate expressed by the 
following structural formula 



55 




S + SbF 6 ~ 
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was added as an acid generating substance to the polymer to pr par a resist solution. This solution was ap- 
plied by spin coating to a wafer coated with hard-baked novolak resin, and baked for 100 seconds on a hot 
plate of 100°C. And a 0.4 ^-thickness r sist film was form d. 

The thus-prepar d resist film on the wafer was exposed by an ArF xcimer stepp r (NA=0.55), and then 
5 subj ct d to PEB at 150°C for 60 s conds. Subs quently the r sist film was immersed in mixed liquid of 2.38 
% of TMAH aqueous solution and isopropyl alcohol by a 1:1 volume ratio for development A 0.2 nm-wide L & 
S pattern was resolved at a 12 mJ/cm 2 radiation dose. 



[Example 26] 

2-norbornyl methacrylate monomer, t-butyl methacrylate monomer, and methacryiic acid were loaded in 
a ratio of 2:1 :1 . 0.5 mol/l of a solvent, 1 ,4-dioxane and 20 mol% of a polymerization initiator AIBN were added, 
and polymerization took place for about 9 hours at 80°C. After the polymerization, precipitation purification 
was conducted with n-hexane. And the terpolymer expressed by the following structural formula 



20 



25 



CH 3 Chfe CH 3 

■f ch 2 — c4— f ch 2 -c4-f CH 2 — c-4- 
o^c o=c o=c 

0 0 OH 

CH 3 — C— CH 3 
I 

- CR3 



and having a composition ratio of 56:31:13 and a 5833 weight-average molecular weight and 2.34 degree of 
dispersion was prepared. 

30 Then to the thus-synthesized polymer, 15 wt% of triphenylsuifonium hexafluoroantimonate as an acid gen- 

erating substance expressed by the following structural formula 



35 




was added, and a cyclohexanone solution was prepared. This solution was applied onto a wafer coated with 
40 hard-baked novolak resin, in a 0.7 u.m-thickness by spin coating, and the wafer was prebaked on a hot plate 
at 60°C for 100 seconds. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with NMD-3, an alkali 
aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth of the radi- 
45 ation dose for this exposure was 63 mJ/cm 2 . A minimum resolution was a 0.35 nm-wide L & S pattern. 

[Example 27] 

Di-t-butyl itaconate monomer and cyclohexyi methacrylate monomer were loaded in a 3:1 ration, and 20 
so mol% of MAIB was added. Then bulk polymerization took place at 80°C for about 10.5 hours. The bulk poly- 
merization was followed by precipitation purification with methanol. And the copolymer expressed by the fol- 
lowing structural formula 



55 
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CH 2 C0 2 C(CH 3 >3 

| '48 

C02C(CH 3 )3 



15 and having a 52:48 composition ratio, a 6923 weight-average molecular weight and a 2.12 degree of dispersion 
was prepared. 

Then to the thus-synthesized polymer, 15 wt% of triphenylsulfonium hexafluoroantimonate as an acid gen- 
erating substance expressed by the following structural formula 



20 



25 



30 



35 




S + SbF 6 " 



was added, and a cyclohexanone solution was prepared. This solution was applied onto an HMDS treated wafer 
in a 0.7 urn-thickness by spin coating, and the wafer was prebaked on a hot plate at SQ°C for 100 seconds. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with NMD-3, an alkali 
aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth of the radi- 
ation dose for this exposure was 9.52 mJ/cm 2 . A minimum resolution was a 0.5 nm-wide L & S pattern. 

[Example 28] 

A 15 wt% cyclohexanone solution of tricyclo [5.2. 1.0 2 - 6 ] decanyl methacrylate - 3-oxocyclohexyl metha- 
crylate copolymer expressed by the following structural formula 



40 



45 



CH 3 CH 3 
-4-CH 2 -C 4— f-CH 2 -c4- 



0=C 



I SO 

O-C 



so and having a 50:50 composition ratio, a 13900 weight-average molecular weight and a 1.41 dispersion ration 
was prepared. 

Triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 
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was added to the solution by 1 0 wt% to th copolymer, and a resist solution was prepared. This resist solution 
was appli d to an HMDS tr ated Si wafer by spin coating, and the wafer was baked for 100 s conds on a hot 
plate at 100°C, and a 0.7 um-thickn ss r sist film was formed. 

The thus-coated r sist film on the waf rwas xpos dbyakrF xcimerstepp rand was subj ct dtoPEB 
5 at 150°C for 60 s conds. Th n the wafer was immers d into a volum ratio 3:1 mixed liquid of a 2.38% TMAH 
aqueous solution and isopropyl alcohol for development. At a 23 mJ/cm 2 radiation dose, a 0.45 nm-wide L & 
S pattern was formed. 

[Example 29] 

10 

5 wt% of triphenylsulfonium Inflate expressed by the following structural formula 

was added as an acid generating substance to vinylphenol - adamant yloxycarbonylmethyl styrene - tert-butyl 
methacrytate terpolymer expressed by the following structural formula 

20 



25 



30 



35 




and having a 50:20:30 composition ratio, and an 18 wt% ethyl lactate solution was prepared. This solution was 
applied onto an Si wafer by spin coating and baked for 90 seconds on a hot plate at 1 10°C. A 0.7 urn-thickness 
resist film was formed. 

40 The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and was subjected to 

PEB at 90°C for 60 seconds. Then the resist film was developed with a 2.38 % TMAH aqueous solution for 1 
minute. 

A 0.275 jim- wide L & S pattern was resolved at a 26 mJ/cm 2 radiation dose. When PEB was conducted 
after the resist was left for 30 minutes after the exposure, a 0.275 um-wide L & S pattern was resolved at the 
45 same radiation dose. 

[Example 30] 

5 wt% of triphenylsulfonium trif late expressed by the following structural formula 

50 

( €Hr s CF * so * 

55 was add d as an acid g nerating substance to vinyl ph nol - norbornyloxycarbonylm thyl styren - 1 rt-butyl 
methacrylate terpolym r expressed by th following structural formula 
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c=o 

15 

and having a 50:30:30 composition ratio, and an 18 wt% ethyl lactate solution was prepared. This solution was 
applied onto an Si wafer by spin coating and baked for 90 seconds on a hot plate at 110°C. A 0.7 urn-thickness 
resist film was formed. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and was subjected to 
20 PEB at 90°C for 60 seconds. Then the resist film was developed with a 2.38 % TMAH aqueous solution for 1 
minute. 

A 0.275 nm-wide L & S pattern was resolved at a 22 mJ/cm 2 radiation dose. When PEB was conducted 
after the resist was left for 30 minutes after the exposure, a 0.275 uirvwide L & S pattern was resolved at the 
same radiation dose. 

25 

[Example 31] 

5 wt% of triphenylsulfonium trif late expressed by the following structural formula 

( €H7 s CF3SOs 

was added as an acid generating substance to vinylphenol - tert-butyl methacrylate copolymer (produced by 
35 Maruzen Sekiyu) expressed by the following structural formula ^ 



CH 3 



40 



-f CH2 -CH-A-4-CH2— c4- 

^ 1 y 60^ I 40 



I '40 

c=o 



45 



CHa 

C— CH 3 
I 

CHa 



and having a 60:40 composition ratio, and 1-adamantane carboxylate t-butyl expressed by the following for- 
mula 



50 



55 



CH 3 

. Jky-C02— C-CHs 
CH 3 



was also add d by the same weight% as that of the copolymer, and an 18 wt% ethyl lactat solution was pre- 
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pared. This solution was applied onto an Si waf r by spin coating and bak d for 90 seconds on a hot plate at 
1 1 0°C. A 0.7 nm-thickness resist film was form d. 

The thus-prepar d resist film on th waf r was exposed by a KrF xcimer stopper and was subjected to 
PEB at 90°C for 60 s conds. Then the resist film was d v loped with a 2.38 % TMAH aqueous solution for 1 
5 minute. 

A 0.275 nm-wide L & S pattern was resolved at a 8.5 mJ/cm 2 radiation dose. When PEB was conducted 
after the resist was left for 30 minutes after the exposure, a 0.275 nm-wide L & S pattern was resolved at the 
same radiation dose. 

The threshold energy Eth of the radiation dose when PEB was conducted immediately after the exposure 
10 was 5.5 mJ/cm 2 . The Eth did not substantially change after post exposure 30 minutes delay. 



[Example 32] 



5 wt% of triphenylsulfonium triflate expressed by the following structural formula 

15 



20 was added as an acid generating substance to vinyl phenol - tert-butyl methacrylate copolymer (produced by 
Maruzen Sekiyu) expressed by the following structural formula 



25 



30 




and having a 60:40 composition ratio, and di-t-butyl fumarate expressed by the following formula 

35 

CH 3 

I 

CHa— C— 0 2 C\ 



CH 3 

40 CH 3 



C^C , 



\C0 2 — C— CH3 
I 

CH 3 



45 was also added by the same weight% as that of the copolymer, and an 18 wt% ethyl lactate solution was pre- 
pared. This solution was applied onto an Si wafer by spin coating and baked for 90 seconds on a hot plate at 
110°C. A 0.7 um-thickness resist film was formed. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and was subjected to 
PEB at 90°C for 60 seconds. Then the resist film was developed with a 2.38 % TMAH aqueous solution for 1 

so minute. 

A 0.275 ^im-wide L & S pattern was resolved at a 12 mJ/cm 2 radiation dose. When PEB was conducted 
after the resist was left for 30 minutes after the exposure, a 0.275 ^m-wide L & S pattern was resolved at the 
same radiation dose. 

The threshold nergy Eth of the radiation dose when PEB was conduct d immediately aft r the exposure 
55 was 8 mJ/cm 2 . Th Eth did not substantially change after post exposure 30 minut s delay. 
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[Example 33] 

5 wt% of diphenyliodonium triflate expr ss d by the following structural formula 

( GH7 1 

was added as an acid generating substance to vinylphenol - tert-butyl methacrylate copolymer (produced by 
10 Maruzen Sekiyu) expressed by the following structural formula 

CH 3 

I 



-f CH 2 -CH-A-f CH 2 -C4- 
1 'S0 V I '50 



is 1 'HO ^ I '50 

OH 0 C— CHs 

20 CH 3 

and having a 50:50 composition ratio, and di-t-butyl f umarate expressed by the following formula 

25 

CH 3 

CH 3_i_0 2 C x ^ c CHa 

CH3 \CO2~C-CH3 

I 

CH 3 



35 was also added by the same weight 0 /© as that of the copolymer, and an 18 wt% ethyl lactate solution was pre- 
pared. This solution was applied onto an Si wafer by spin coating and baked for 90 seconds on a hot plate at 
110°C. A 0.7 urn-thickness resist film was formed. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and was subjected to 
PEB at 90°C for 60 seconds. Then the resist film was developed with a 2.38 % TMAH aqueous solution for 1 

40 minute. 

A 0.275 urn-wide L & S pattern was resolved at a 18 mJ/cm 2 radiation dose. When PEB was conducted 
after the resist was left for 30 minutes after the exposure, a 0.275 urn-wide L & S pattern was resolved with 
at same radiation dose. 

The threshold energy Eth of the radiation dose when PEB was conducted immediately after the exposure 
45 was 8 mJ/cm 2 . The Eth did not substantially change after post exposure 30 minutes delay. 

[Example 34] 



5 wt% of triphenylsulfonium triflate expressed by the following structural formula 

50 

( w* 

55 

was added as an acid generating substance to vinylphenol - 1 rt-butoxycarbonyloxystyrene copolymer (pro- 
duced by Maruz n Sekiyu) expr ssed by the following structural formula 
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10 




0 C-CHa 

l 



and having a 70:30 composition ratio, and 1-adamantane carboxylate t- butyl expressed by the following for- 
mula 



25 




was also added by the same weight% as that of the copolymer, and an 18 wt% ethyl lactate solution was pre- 
pared. This solution was applied onto an Si wafer by spin coating and baked for 90 seconds on a hot plate at 
110°C. A 0.7 nm-thickness resist film was formed. 
30 The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and was subjected to 

PEB at 90°C for 60 seconds. Then the resist film was developed with a 2.38 % TMAH aqueous solution for 1 
minute. 

A 0.275 nm-wide L & S pattern was resolved at a 35 mJ/cm 2 radiation dose. When PEB was conducted 
after the resist was left for 30 minutes after the exposure, a 0.275 um-wide L & S pattern was resolved with 
35 at same radiation dose. 

[Control 16] 

5 wt% of triphenylsulfonium trifiate expressed by the following structural formula 

40 

( QV CF 3SP3 

45 was added as an acid generating substance to vinylphenol - tert-butyl methacrylate copolymer (produced by 
Maruzen Sekiyu) expressed by the following structural formula 



50 



CH3 



-f ch 2 -ch4-4ch 2 -c4- 

V 1 7 50 N I '50 



'50 
C-0 



55 



CHa 

C 
I 

CHa 



CH3 
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and having a 50:50 composition ratio, and an 18 wt% ethyl lactate s lution was prepared. This solution was 
appli d onto an Si wafer by spin coating and bak d for 90 seconds on a hot plat at 110°C. A0.7 um-thickn ss 
resist film was form d. 

The thus-prepared resist film n the wafer was expos d by a KrF excimer stepper and was subj ct d to 
5 PEB at 90°C for 60 s conds. Then the resist film was developed with a 2.38 % TMAH aqueous solution for 1 
minute. 

A 0.275 urn-wide L & S pattern was resolved at a 13 mJ/cm 2 radiation dose. When PEB was conducted 
for 60 seconds at 90°C after the resist was left for 5 minutes after the exposure, the surface became insoluble, 
and a 0.275 um-wide L & S pattern could not be resolved at the same radiation dose. 

10 

[Control 17] 

5 wt% of triphenylsulfonium triflate expressed by the following structural formula 

( Q-V s CF * s ° 3 

was added as an acid generating substance to vinylphenol - tert-butyl methacrylate copolymer (produced by 
20 Maruzen Sekiyu) expressed by the following structural formula 




and having a 60:40 composition ratio, and an 18 wt% ethyl lactate solution was prepared. This solution was 
35 applied onto an Si wafer by spin coating and baked for 90 seconds on a hot plate at 1 1 0°C. A 0.7 um-thickness 
resist film was formed. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and was subjected to 
PEB at 90°C for 60 seconds. Then the resist film was developed with a 2.38 % TMAH aqueous solution for 1 
minute. 

40 A 0.3 um-wide L & S pattern was resolved at an 8 mJ/cm 2 radiation dose. When PEB was conducted for 

60 seconds at 90°C after the resist was left for 10 minutes after the exposure, the surface became insoluble, 
and a 0.3 um-wide L & S pattern could not be resolved at the same radiation dose. 

The threshold energy Eth of the radiation dose when PEB was conducted immediately after the exposure 
was 5.5 mJ/cm 2 , but the Eth in the case of the resist was 10 mJ/cm 2 after post exposure 30 minutes delay. 

45 

[Control 18] 

5 wt% of triphenylsulfonium triflate expressed by the following structural formula 

( €H~ SCF3S03 

was add d as an acid gen rating substance to vinylphenol - tert-but xycarbonyloxystyr n copolymer ex- 
55 pressed by the following structural formula 
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| CH 3 

0 — -C— CH 3 
I 

CH 3 

15 

and having a 70:30 composition ratio, and an 18 wt% ethyl lactate solution was prepared. This solution was 
applied onto an Si wafer by spin coating and baked for 90 seconds on a hot plate at 110°C. A 0.7 u,m-thickness 
resist film was formed. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and was subjected to 
20 PEB at 90°C for 60 seconds. Then the resist film was developed with a 2.38 % TMAH aqueous solution for 1 
minute. 

A 0.275 urn-wide L & S pattern was resolved at a 30 mJ/crn 2 radiation dose. When PEB was conducted 
for 60 seconds at 90°C after the resist was left for 1 0 minutes after the exposure, the surface became insoluble, 
and a 0.275 u.m-wide L & S pattern could not be resolved at the same radiation dose. 

25 

[Example 35] 

t-butyl methacrylate monomer and itaconic anhydride monomer were loaded in a ratio of 1 :1 , and a 2 mol/l 
solution of 1,4-dioxane solution was prepared. Then 5 mol% of AIBN was added to the solution. Then poly- 
30 merization took place for about 10 hours at 80°C. After the polymerization precipitation purification was con- 
ducted with n-hexane. The copolymer expressed by the following structural formula 



CH 3 



35 




and having a 63:37 composition ratio, a 6500 weigh-average molecular weight and a 2.23 degree of dispersion 
was prepared. 

Then to the thus-synthesized polymer, 1 5 wt% of triphenylsulfonium hexaf luoroantimonate as an acid gen- 
45 erating substance expressed by the following structural formula 



50 




was added, and a cyclohexanone solution was prepared. This solution was appli d onto a silicon wafer in a 
0.7 u.m-thickness by spin coating, and th waf r was pr baked on a hot plat at 1 00°C for 1 00 seconds. 
55 The thus-prepar d resist film n the waf r was xpos d by a KrF excimer stepper and then subjected to 

PEBat100°Cfor60s conds. Subsequ ntlyth resist was developed for 60 s conds with a solution of NMD- 
3, an alkali aqu ous solution and wat r(v lume ratio; IMMD-3:wat r = 1:5), and then rinsed with deionized water 
for 30 seconds. Th threshold en rgyEthofth radiation dos for this exposure was 17 mJ/cm 2 . A minimum 
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res lution was a 0.275 um-wide L & S patt rn. No patt rn peeling or falls wer observed. 

When, in place of the 1:5 volume ratio solution of NMD-3 and water, a v lume ratio 1:10 solution of NMD- 
3 and water and a 1 :20 volume ratio solution of NMD-3 and water were used, the same r suits were obtain d. 



A 2 mol% 1 ,4-dioxane solution of t-butyl methacrylate monomer was prepared, and 5 mol% of AIBN was 
added a polymerization initiator. Polymerization took place for about 10 hours at 80°C. Following the polymer- 
ization, precipitation purification was conducted with a solution of methanol and water (methanol : water =3:1). 
And the polymer expressed by the following structural formula 



and having a 10097 weight-average molecular weight and a 1.88 degree of dispersion was prepared. 
Then 15 wt% of triphenyisutfonium hexafluoroantimonate expressed by the following formula 



was added to the thus-synthesized polymer as an acid generating substance, and a cyclohexanone solution 
was prepared. This solution was applied onto a silicon wafer in a 0.7 ^-thickness by spin coating and was 
prebaked for 100 seconds on a hot plate at 100°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution), and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
of the radiation dose for this exposure was 1 7 mJ/cm 2 . A minimum resolution was a 0.35 urn-wide L&S pattern 
with 56 mJ/cm 2 . L&S patterns below 0.35 um-wide peeled and vanished. 

When a 1:5 volume ratio solution of NMD-3 and water was used as a developer in place of NMD-3, the 
threshold value energy Eth of the radiation dose was 16.1 mJ/cm 2 A minimum resolution was a 0.3 um-wide 
L&S pattern with 56 mJ/cm 2 . L&S patterns below 0.3 um-wide peeled and vanished. 



Adamantyl methacrylate monomer, t-butyl acrylate monomer and itaconic anhydride monomer were load- 
ed by 4:2:4, and a 1 mol/l 1,4-dioxane solution was prepared. 10 mol% of AIBN as a polymerization initiator 
was added to the solution. Then polymerization took place for about 8 hours at 80°C. Following the polymer- 
ization, precipitation purification was conducted with methanol. The copolymer expressed by the following 
structural formula 



[Control 19] 



CH 3 




C0 2 tBu 




[Example 36] 



CH 3 



-(-CH2 
O 
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10 



30 



40 



45 



50 



and having a 58:14:28 composition ratio, a 13000 w ight-average mol cular weight and a 1.81 d gree of dis- 
p rsion was prepared. 

15 wt% of triph nylsulfonium hexafluoroantimonate xpressed by the following structural formula 



S + SbF 6 " 




was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
urn-thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 100°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 130°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
15 3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
of the radiation dose for this exposure was 1 7 mJ/cm 2 . A minimum resolution was a 0.25 um-wide L & S pattern 
with 50 mJ/cm 2 . No pattern peeling or falls were observed. 

When PEB was subjected at 100°C for 100 seconds, and a 5:1 volume ratio solution of NMD-3 and iso- 
propyl alcohol was used as a developer in, place of NMD-3, the threshold value energy Eth of the radiation 
20 dose was 25.5 mJ/cm 2 . A minimum resolution was a 0.275 um-wide L & S pattern with 44 mJ/cm 2 . No pattern 
peeling or falls were observed. 

[Control 20] 

r 

25 Adamantyl methacrylate monomer and t-butyl acrylate monomer were loaded by 1 :1 , and a 5 mol/l toluene 

solution was prepared. 20 mol% of AIBN as a polymerization initiator was added to the solution. Then poly- 
merization took place for about 8 hours at 80°C. Following the polymerization, precipitation purification was 
conducted with methanol. The copolymer expressed by the following structural formula 



CH 3 

-t a *4-fc-fr CH, ~? , "ir 



I 

35 O^C _ C02tBu 

0 




and having a 58:42 composition ratio, a 5100 weight-average molecular weight and a 1.43 degree of dispersion 
was prepared. The glass transition temperature of this polymer was 126°C by thermal analysis. 

15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 




was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
jim-thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 60°C . 

Th thus-prepared resist film on th waf r was expos d by a KrF xcimer st pp r and then subjected to 
PEB at 100°C for 60 seconds. Subs qu ntlyth resist was d v loped for 60 seconds with a solution of NMD- 
55 3, an alkali aqu ous solution, and th n rins d with deionized water for 30 seconds. Th threshold nergy Eth 
of the radiation dose for this exposur was 50 mJ/cm 2 . A minimum r solution was a 0.45 um-wid L&Spatt rn 
with 30 mJ/cm 2 R sist residues b tw n patt rns w r striking, and pattern pe ling or falls w r observed. 
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[Example 37] 



Dim thyladamantyl methacrylate mon mer, t-butyl acrylate monom r and itaconic anhydride monomer 
w re loaded by 4:2:4, and a 1 mol/l 1,4-dioxan solution was prepar d. 10 mol% of AIBN as a polymerization 
5 initiator was added to the solution. Then polymerization took place for about 8 hours at 80°C. Following the 
polymerization, precipitation purification was conducted with methanol. The copolymer expressed by the fol- 
lowing structural formula 

CHa 

0=C CH3 C0 2 tBu \_fC 

■ 0 

CH 3 



20 



and having a 58:14:28 composition ratio, a 13000 weight-average molecular weight and a 1.81 degree of dis- 
persion was prepared. 

15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 



25 




30 

was added, and a cydohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
urn-thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 100°C. 

The thus- prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 130°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
35 3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
of the radiation dose for this exposure was 1 7 mJ/cm 2 . A minimum resolution was a 0.25 ^im-wide L & S pattern 
with 50 mJ/cm 2 . No pattern peeling or falls were observed. 



[Example 38] 

40 

Adamantyl methacrylate monomer, t-butyl ct-chloroacrylate monomer and itaconic anhydride monomer 
were loaded by 4:2:4, and a 1 mol/l 1,4-dioxane solution was prepared. 10 mol% of AIBN as a polymerization 
initiator was added to the solution. Then polymerization took place for about 8 hours at 80°C. Following the 
polymerization, precipitation purification was conducted with methanol. The copolymer expressed by the fol- 
45 lowing structural formula 




and having a 58:14:28 composition ratio, a 1 3000 weight-average molecular w ight and a 1 .81 degree f dis- 
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pension was prepared. 

15 wt% of triphenyisulfonium h xafluoroantimonat expressed by th following structural formula 



5 




was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
um-thickness by spin coating, and then pre baked for 100 seconds on a hot plate at 100°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 130°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
of the radiation dose for this exposure was 1 7 mJ/cm 2 . A minimum resolution was a 0.25 um-wide L & S pattern 
with 50 mJ/cm 2 . No pattern peeling or falls were observed. 

[Control 21] 

20 Adamantyl methacrylate monomer and t-butyl a-chloroacrylate monomer were loaded by 1:1, and a 5 mol/l 

toluene solution was prepared. 10 mol% of AIBN as a polymerization initiator was added to the solution. Then 
polymerization took place for about 8 hours at 80°C. Following the polymerization, precipitation purification 
was conducted with methanol. The copolymer expressed by the following structural formula 



CH 3 CI 

-f-CH 2 — C-) f-CH 2 -C-j 

V | /58 ^ | '42 

0 = C C02tBu 

35 

and having a 58:42 composition ratio, a 5100 weight-average molecular weight and a 1 .43 degree of dispersion 
was prepared. The glass transition temperature of this polymer was 126°C. 

15 wt% of triphenyisulfonium hexafluoroantimonate expressed by the following structural formula 




was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
nm-thickness by spin coating, and then pre baked for 100 seconds on a hot plate at 60°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. 

Serious pattern peeling took place, and a minimum resolution was a 0.5 u,m-wide L & S pattern. 

[Example 39] 

55 Adamantyl methacrylate monomer, a,a-dimethyl benzyl m thacrylat monomer, and itaconic anhydride 

monomer were loaded by 4:2:4, and a 1 mol/l 1,4-dioxane solution was pr pared. 10 mol% of AIBN as a poly- 
merization initiator was added to the solution. Then polym rization took place for about 8 hours at 80°C. Fol- 
lowing the polymerization, precipitation purification was conducted with m thanol. The copolymer expr ssed 
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by th following structural formula 



CH 3 CH 3 



5 




-fCH 2 — C-A (-CH2— c4- 

V I '58 * I '11 




C0 2 C (CH 3 ) 2 



10 



and having a 56:11:33 composition ratio, a 16000 weight-average molecular weight and a 1.91 degree of dis- 
15 persion was prepared. 

15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 



was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
25 u.m-thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 100°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
of the radiation dose for this exposure was 8 mJ/cm 2 . A minimum resolution was a 0.275 nm-wide L & S pattern 
30 with 23 mJ/cm 2 . No pattern peeling or falls were observed. 



Adamantyl methacrylate monomer, 3-oxocyclohexyl methacrylate monomer, and itaconic anhydride 
35 monomer were loaded by 4:2:4, and a 1 mol/l 1 ,4-dioxane solution was prepared. 1 0 mol% of AIBN as a poly- 
merization initiator was added to the solution. Then polymerization took place for about 8 hours at 80°C. Fol- 
lowing the polymerization, precipitation purification was conducted with methanol. The copolymer expressed 
by the following structural formula 



20 




[Example 40] 



40 



CH 3 



CH 3 



50 



45 




and having a 65:15:20 composition ratio, a 13200 w ight-averag molecular weight and a 1.92 degree of dis- 
ss p rsion was prepared. 

15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 



60 



BNSDOCID: <EP 066361 6A2_L> 



EP0 663 616 A2 



25 



30 



40 



-S + SbF 8 " 




was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
um-thickness by spin coating, and then pre baked for 100 seconds on a hot plate at 100°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
10 PEB at 1 30°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
of the radiation dose for this exposure was 19.2 mJ/cm 2 . A minimum resolution was a 0.25 jim-wide L & S pat- 
tern with 54 mJ/cm 2 . No pattern peeling or falls were observed. 

15 [Control 22] 

Adamantyl met h aery late monomer, 3-oxocyclohexyl methacrylate monomer were loaded by 1:1, and a 5 
mol/l toluene solution was prepared. 20 mol% of AIBN as a polymerization initiator was added to the solution. 
Then polymerization took place for about 8 hours at 80°C. Following the polymerization, precipitation purif i- 
20 cation was conducted with methanol. The copolymer expressed by the following structural formula 



CH 3 CH 3 
-fCH 2 -C-k-tcH,4^- 

o=c o=c 



and having a 65:35 composition ratio, a 14400 weight-average molecular weight and a 1 .53 degree of disper- 
35 sion was prepared. 

15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 




S + SbF 6 " 



was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
45 iim-thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 60°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
of the radiation dose for this exposure was 60.2 mJ/cm 2 . A minimum resolution was a 0.4nm-wide L & S pattern 
so with 208 mJ/cm 2 . Much pattern peeling took place. 

[Example 41] 

Adamantyl methacrylat monomer, t trahydropyranyl methacrylate monom r, and itaconic anhydride 
55 monomer were load d by 4:2:4, and a 1 mol/l 1,4-dioxane solution was prepared. 10 mol% of AIBN as a poly- 
merization initiator was add d to the solution. Then polymerization took place for about 8 hours at 80°C. Fol- 
lowing the polymerization, precipitation purification was conduct d with methanol. The copolymer expressed 
by th following structural formula 
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and having a 57:14:29 composition ratio, a 36200 weight-average molecular weight and a 2.14 degree of dis- 
15 persion was prepared. 

15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 



20 




SbFs" 



was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
25 nm-thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 100°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 1 30°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy Eth 
of the radiation dose for this exposure was 42.2 mJ/cm 2 . A minimum resolution was a 0.30 uirvwide L & S pat- 
30 tern with 141 mJ/cm 2 . No pattern peeling or falls were observed. 



[Control 23] 



Adamantyl methacrylate monomer, tetrahydropyranyl methacrylate monomer were loaded by 1:1, and a 
35 5 mol/l toluene solution was prepared. 20 mol% of AIBN as a polymerization initiator was added to the solution. 
Then polymerization took place for about 8 hours at 80°C. Following the polymerization, precipitation purifi- 
cation was conducted with methanol. The copolymer expressed by the following structural formula 



40 



45 



50 



CH 3 CH 3 



0= 




and having a 58:42 composition ratio, a 23000 weight-average molecular weight and a 1.90 degree of disper- 
sion was prepared. 

15 wt% of triphenylsulfonium h xafluoroantimonat xpressed by the following structural formula 



55 
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S + SbF a " 



10 



was added, and cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
um-thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 60°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. No pattern could be formed. 



15 



[Example 42] 

Adamantyl methacryiate monomer, t-butoxystyrene monomer and itaconic anhydride monomer were load- 
ed by 4:2:4, and a 1 mol/l 1,4-dioxane solution was prepared. 10 mol% of AIBN as a polymerization initiator 
was added to the solution. Then polymerization took place for about 8 hours at 80°C. Following the polymer- 
ization, precipitation purification was conducted with methanol. The terpolymer, expressed by the following 
structural formula 



20 



25 



CH 3 



30 




-4-CH2— C~) ■£ CHz-CH-) f CH 2 -C , 



O-tBu 



and having a 21:36:43 composition ratio, a 8200 weight-average molecular weight and a 1.95 degree of dis- 
persion was prepared. 

35 1 5 wt% of triphenylsulfonium hexaf luoroantimonate expressed by the following structural formula 



40 




was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
un>thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 100°C. 
45 The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 

PEB at 1 30°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous, solution, and then rinsed with deionized water for 30 seconds. No pattern peeling or falls 
were observed. 

so [Example 43] 

Adamantyl methacryiate monomer, t-BOC styrene monomerand itaconic anhydride monomer were loaded 
by a 4:2:4 ratio, and a 1 mol/l 1 ,4-dioxane solution was prepared. 1 0 mol% of AIBN as a polymerization initiator 
was add d to the solution. Th n polymerization took place for about 8 hours at 80°C. Following th polymer- 
55 ization, precipitation purification was conducted with methanol. The terpolymer expr ssed by the following 
structural formula 
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CH 3 




and having a 21:36:43 composition ratio, a 8200 weight-average molecular weight and a 1.95 degree of dis- 
persion was prepared. 

15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 




was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
urn-thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 100°C. 

The thus-prepared resist film one the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 130°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. No pattern peeling or falls 
were observed. 

[Example 44] 



Itaconic anhydride monomer and di-t-butyl itaconate monomer were loaded in a 2:3 ratio, and 20 mol% of 
dimethyl 2,2-azoisobisbutyrate was added as a polymerization initiator. Then, bulk polymerization took place 
for about 3 hours at 80°C. After e polymerization, precipitation purification was conducted with methanol. The 
copolymer expressed by the following structural formula 



CH2C02tBu 

4CH 2 -C-) f-CH 2 ~c4- 

C0 2 tBu \. / 
O 



and having a 23:77 composition ratio, a 6357 weight-average molecular weight and 2.34 degree of dispersion 
was prepared. 

15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 




was added, and a cycloh xanone solution was pr par d. This solution was applied to a silicon wafer in a 0.7 
fim-thickn ss by spin coating, and then prebak d for 100 s conds on a hot plate at 60°C. 

The thus-prepared resist film on the waf r was xposedbyaKrF xcimerstepp r and th n subjected to 
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PEB at 1 00°C for 60 seconds. Subs qu ntly th resist was develop d for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. The thr shold n rgy of 
the radiation dose was 12.6 mJ/cm 2 . A minimum resolution was a 0.3 u.m-wide L & S patt rn with 38 mJ/cm 2 . 
No patt rn p ling or falls wer observed. 

[Example 45] 

Itaconic anhydride monomer and di-t-butyl fumarate monomer were loaded in a 2:3 ratio, and 20 mol% of 
dimethyl 2,2-azoisobisbutyrate was added as a polymerization initiator. Then, bulk polymerization took place 
10 for about 3 hours at 80°C. After e polymerization, precipitation purification was conducted with methanol. The 
copolymer expressed by the following structural formula 

C02tBu 

COatBu \ F° 
<h~Q 

20 0 

and having a 23:77 composition ration, a 6357 weight-average molecular weight and 2.34 degree of dispersion 
was prepared. 

15 wt% of triphenylsulfonium hexafluoroantimonate expressed by the following structural formula 

25 



50 



55 




30 

was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
fim-thickness by spin coating, and then pre baked for 100 seconds on a hot plate at 60°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
35 PEB at 1 00°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a solution of NMD- 
3, an alkali aqueous solution, and then rinsed with deionized water for 30 seconds. The threshold energy of 
the radiation dose was 12.6 mJ/cm 2 . A minimum resolution was a 0.3 urn-wide L & S pattern with 38 mJ/cm 2 . 
No pattern peeling or falls were observed. 

40 [Example 46] 

Methacrylonitrile monomer, t-butyl methacrylate monomer and itaconic anhydride monomer were loaded 
by 4:2:4, and a 5 mol/l 1 ,4-dioxane solution was prepared. 1 mol% of AIBN as a polymerization initiator was 
added to the solution. Then polymerization took place for about 8 hours at 80°C. Following the polymerization, 
45 precipitation purification was conducted with n-hexane. The terpolymer expressed by the following structural 
formula 



CH 3 CH 3 

-fcHz-C-) £-CH 2 -C-} fcH 2 -C- 

CN COztBu \ r° 

and having a 41:21:38 composition ratio, a 26400 weight-av rage mol cular weight and a 1.87 d gr eofdis- 
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persion was prepared. 

15 wt% of triphenylsulf nium hexafluoroantimonat express d by th following structural formula 




was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
um-thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 100°C. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 1 00°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a 2.3 % TMAH aqu- 
eous solution. A 0.3 urn-wide L & S pattern was resolved at a 41 mJ/cm 2 radiation dose. 



[Control 24] 



Methacrylonitrile monomer and t-butyl methacrylate monomer were loaded by 1:1, and a 5 mol/l 1,4-di- 
oxane solution and 1 mol% of AIBN, a polymerization initiator were added. Then polymerization took place for 
about 8 hours at 80°C. Following the polymerization, precipitation purification was conducted with a mixed sol- 
ution of methanol and water (methanol : water = 2:1 ). The copolymer expressed by the following structural for- 
mula 



-fCKi-c4— fCHt-if 



CN C0 2 tBu 



and having a 41:59 composition ratio, a 16400 weight-average molecular weight and a 1 .77 degree of disper- 
sion was prepared. 

13 wt% of cyclohexanone solution of this copolymer was prepared, and triphenylsulfonium hexafluoroan- 
timonate expressed by the following structural formula 




was added to this solution as a substance generating substance by 1 5 wt% to the polymer, and a resist solution 
was prepared. This solution was applied onto a silicon wafer by spin coating and prebaked for 100 seconds 
on a hot plate at 100°C. And a 0.7 jim-thickness thin film was formed. 

The thus-prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 100°C for 60 seconds. Subsequently the resist was developed for 60 seconds with a 2.38 % TMAH 
aqueous solution. A 0.3 urn-wide L & S pattern was resolved at a 70 mJ/cm 2 radiation dose, but in comparison 
with that of the case without methacrylonitrile (Control 19), the sensitivity was lower. 

[Example 47] 

Methyl a-cyanoacrylate monomer, t-butyl methacrylat monomer and itaconic anhydride were loaded by 
4:2:4, and a 1 mol/l 1 ,4-dioxane solution was prepared. 10 mol% of AIBN as a polymerization initiator was added 
to the solution. Th n polymerization took place for about 8 hours at 80°C. Following the polymerization, pre- 
cipitation purification was conducted with methanol. Th t rpolym r xpressed by the following structural for- 
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mula 




and having a 58:14:28 composition ratio, a 13000 weight-average molecular weight and a 1.81 degree of dis- 
persion was prepared. 

15 wt% of triphenylsuifonium hexafluoroantimonate expressed by the following structural formula 




was added, and a cyclohexanone solution was prepared. This solution was applied to a silicon wafer in a 0.7 
um-thickness by spin coating, and then prebaked for 100 seconds on a hot plate at 100°C. 

The thus : prepared resist film on the wafer was exposed by a KrF excimer stepper and then subjected to 
PEB at 130°C for 60 seconds. Subsequently the resist was developed for 60 seconds with NMD-3, an alkali 
aqueous solution and rinsed for 30 seconds with deionized water. The threshold energy of the radiation dose 
was 17 mJ/cm 2 . A minimum resolution was a 0.25 nm-wide L & S pattern with 50 mJ/cm 2 . No pattern peeling 
or falls were observed. 



[Example 48] 



Adamantyl methacrylate monomer, t-amyl methacrylate monomer and itaconic anhydride were loaded by 
4:2:4, and a 1 mol/l 1 ,4-dioxane solution was prepared. 10 mol% of AIBN as a polymerization initiator was added 
to the solution. Then polymerization took place for about 8 hours at 80°C. Following the polymerization, pre- 
cipitation purification was conducted with methanol. The copolymer expressed by the following structural for- 
mula 



CH 3 CH 3 

49 ^ 



and having a 58:14:28 composition ratio, a 13000 weight-average molecular weight and a 1.81 degree of dis- 
persion was prepared. 

15 wt% of triphenylsuifonium hexafluoroantimonate expressed by the following structural formula 




EP0 663 616A2 



was added to the thus-synthesized polymer, and a cycloh xanone solution was prepar d. This solution was 
appli d to a silicon wafer in a 0.7 um-thickn ss by spin coating, and then prebaked for 100 s c nds on a hot 
plate at 100°C. 

Th thus-prepared r sist film on the wafer was exposed by a KrF xcimer stepper and then subject d to 
5 PEB at 1 30°C for 60 seconds. Subsequently the resist was developed for 60 seconds with NMD-3, an alkali 
aqueous solution and rinsed for 30 seconds with deionized water. The threshold energy of the radiation dose 
was 17 mJ/cm 2 . A minimum resolution was a 0.25 pirn-wide L & S pattern with 50 mJ/cm 2 . No pattern peeling 
or falls were observed. 

10 [Example 49] 

A 15 wt% cyclohexanone solution of 3-oxocyclohexyl methacrylate - adamantyl methacryiate copolymer 
expressed by the following structural formula 



15 



20 



CH3 CH 3 

c=o c*o 

A A 





25 



and having a 50:50 composition ratio was prepared. 

30 Triphenylsulfonium hexaf luoroantimonate was added to the solution by 2 wt% to the copolymer, and a re- 

sist solution was prepared. 

This resist solution was applied to a Si wafer by spin coating, and the wafer was baked for 100 seconds 
on a hot plate at 1 00°C, and a 0.7 jim-thickness resist film was formed. A solution of 5 wt% of polyolef ine resin 
in t-butylcyclohexane was applied onto the wafer by spin coating and baked for 100 seconds on a hot plate at 

35 100°C, and a 0.2 ^im-thickness protecting film was formed. 

The thus-coated resist film on the wafer was exposed by a KrF excimer stepper and was subjected to PEB 
at 100°C for 60 seconds. Then cyclohexane was applied onto the wafer by spin coating, and the protecting 
film was removed. 

Then the wafer was immersed into a 2.38 % TM AH solution for development. 
40 A 0.45 um-wide L & S pattern was resolved at a 210 mJ/cm 2 radiation dose. 

[Control 25] 

A 15 wt% cyclohexanone solution of 3-oxocyclohexyl methacrylate - adamantyl methacrylate copolymer 
45 expressed by the following structural formula 



50 



55 
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CH3 CH 3 

c=o c=o 





15 

and having a 50:50 composition ratio was prepared. 

Triphenylsulfonium hexaf luoroantimonate was added to the solution by 2 wt% to the copolymer, and a re- 
sist solution was prepared. 

This resist solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was baked 
20 for 100 seconds on a hot plate at 100°C, and a 0.7 um-thickness resist film was formed. 

A solution of 5 wt% of polyolef ine resin in heptane was applied onto the wafer by spin coating. The solution 
did not homogeneously spread over the wafer, and a protecting film could not be applied. 



[Control 26] 

A 15 wt% cyclohexanone solution of poly adamantyl-methacrylate expressed by the following structural 
formula 




was prepared. 

This solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was baked for 100 
45 seconds on a hot plate at 100°C, and a 0.7 ujn-thickness resist film was formed. 

A solution of 5 wt% of polyolef ine resin in t-butylcyclohexane was applied onto the wafer by spin coating, 
then the thin film of poly adamantylmethacrylate was resolved. 



50 



[Control 27] 

A 15 wt% cyclohexanone solution of 3-oxocyclohexyl methacrylate - adamantyl methacrylate expressed 
by the following structural formula 



55 
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CH 3 



C-0 





and having a 50:50 composition ratio was prepared. 2 wt% of triphenylsulfonium hexaf luoroantimonate as an 
acid generating substance was added to this solution, and a resist solution was prepared. 

This solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was baked for 100 
seconds on a hot plate at 100°C, and a 0.7 urn-thickness resist film was formed. 

The resist thin film was exposed by a KrF stepper without applying a protecting film on the wafer, and then 
subjected to PEB for 60 seconds at 1 50°C. 

Then the resist film was developed with a 2.38 TMAH aqueous solution. 

An unresolved layer was generated on the surface of the resist thin film, and no pattern could be resolved 
at a 300 mJ/cm 2 radiation dose. 

[Example 50] 

A 15 wt% cyclohexanone solution of 3-oxocyclohexyl methacryiate - adamantyl methacrylate copolymer 
expressed by the following structural formula 



CH 3 
I 



CH 3 



^ CH2 ~Hr-( CH '-H. 





45 and having a 45:55 composition ratio was prepared. 

Triphenylsulfonium hexaf luoroantimonate as an acid generating substance was added to the solution by 
2 wt% to the copolymer, and a resist solution was prepared. 

This resist solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was baked 
for 100 seconds on a hot plate at 100°C, and a 0.7 um-thickness resist film was formed. 
50 A solution of 5 wt% of polyolef ine resin in 1 ,5-cyclooctadiene expressed by the following structural formula 



55 




was applied onto the waf r by spin coating and baked for 100 seconds on a hot plat at 1 00°C, and a 0.2 nm- 
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thickness protecting film was formed. 

Th thus-coatedr sistfilmonthe waf rwasexpos dbyaKrFexcim rst pper and was subject dtoPEB 
at 150°C for 60 seconds. Then cyclohexan was appli d onto th wafer by spin coating, and the pr t cting 

film was r moved. * ~ ~*> «/ t-»*au 

Then the wafer was immersed for 60 seconds in a 8:1 volume ratio-mix d solution of 2.38 % TMAH aqu- 
eous solution and isopropyl alcohol for development. 

A 0.275 uJT>-wide L & S pattern was resolved at a 70 mJ/cm 2 radiation dose. 

[Control 28] 

A 15 wt% cyclohexanone solution of 3-oxocyclohexyl methacrylate - adamantyl methacrylate copolymer 
expressed by the following structural formula 

is CH 3 CH 3 

c=o c=o 

20 | | 

0 0 



25 





and having a 45:55 composition ratio was prepared. 
30 Triphenylsulfonium hexafluoroantimonate as an acid generating substance was added to the solution by 

2 wt% to the copolymer, and a resist solution was prepared. 

This resist solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was baked 
for 100 seconds on hot plate at 100°C, and a 0.7 ^thickness resist film was formed. 

The resist film was exposed by a KrF stepper without application of a protecting film, and then subjected 

35 to PEB for 60 seconds at 1 50°C. 

Then, the wafer was immersed in a 8:1 volume ratio mixed solution of a TMAH aqueous solubon and iso- 
propyl alcohol for 60 seconds for development. 

Even with the radiation dose increased up to 100 mJ/cm*, only a 0.35 nm-wide L & S pattern was resolved. 

40 [Example 51] 

A 1 5 wt% cyclohexanone solution of 3-oxocyclohexyl methacrylate - dimethytadamantyl methacrylate co- 
polymer expressed by the following structural formula 



45 



CH 3 CHs 

-f CH2-C-) f-CH 2 -C-) — 

C=0 C=0 



50 



55 
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45 



and having a 45:55 composition ratio was pr par d. 

Triph nylsulfonium hexafluoroantimonate as an acid g nerating substance was add d to the solution by 
5 wt% to th cop lym r, and a resist solution was prepared. 

This resist solution was appli d to an HMDS treated Si wafer by spin coating, and the wafer was pr baked 
for 100 seconds on a hot plate at 100°C, and a 0.7 u.m-thickness resist film was formed. 

A solution of 5 wt% of polydiene resin in limonene expressed by the following Structural formula 




15 



was applied onto the wafer by spin coating and baked for 100 seconds on a hot plate at 100°C, and a 0.2 uni- 
thickness protecting film was formed. 
20 The thus-coated resistf ilm on the wafer was exposed by a KrF excimer stepper and was subjected to PEB 

at 150°C for 60 seconds. Then cyclohexane was applied onto the wafer by spin coating, and the protecting 
film was removed. 

Then the wafer was immersed for 60 seconds in a 3:1 volume ratio-mixed solution of 2.38 % TMAH aqu- 
eous solution and isopropyl alcohol for development. 
25 A 0.25 um-wide L & S pattern was resolved at an 1 8 mJ/cm 2 radiation dose. 

[Control 29] 

A 15 wt% cyclohexanone solution of 3-oxocyclohexyl methacrylate - dimethyladamantyl methacrylate co- 
30 polymer expressed by the following structural formula 



CH 3 CH 3 




CH 3 



and having a 45:55 composition ratio was prepared. 

Triphenylsulfonium hexafluoroantimonate as an acid generating substance was added to the solution by 
5 wt% to the copolymer, and a resist solution was prepared. 

This resist solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was prebaked 
so for 100 seconds on a hot plate at 100°C, and a 0.7 um-thickness resist film was formed. 

The thus-coated resist film on the wafer was exposed by a KrF excimer stepper without application of a 
protecting film and was subjected to PEB at 150°C for 60 seconds. 

Th n th wafer was immersed for 60 s conds in a 3:1 volum ratio-mixed solution of 2.38 % TMAH aqu- 
eous solution and isopropyl alcohol for d velopment. 
55 A 0.25 urn-wide L & S patt rn was resolv d at an 18 mJ/cm 2 radiation dos , but th pattern was a much 

thinner lin pattern than d sired. 
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[Example 52] 

A 1 5 wt% cyclohexanon solution of t-butyl m thacrylate - adamantyl acrylat - m thacrylic acid terpoly- 
mer xpr ssed by the following structural formula 



10 



15 



20 



25 



30 



35 



CH 3 

V I '20 



c=o 

I 

OH 




CH 3 

-fcH 2 -C-) £cH 2 -CH^— 

V | / A 0 \ | '40 

c=o c=*o 

I I 

0 0 

I 

CH3-0-CH3 

I 

CH 3 



and having a 40:40:20 composition ratio was prepared. Triphenylsulfonium hexaf luoroantimonate as an acid 
generating substance was added to the solution by 2 wt% to the copolymer, and a resist solution was prepared. 

This resist solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was prebaked 
for 100 seconds on a hot plate at 100°C f and a 0.7 urn-thickness resist film was formed. 

A solution of 5 wt% of polyolef ine resin in p-cymene was applied onto the wafer by spin coating and baked 
for 100 seconds on a hot plate at 100°C, and a 0.2 um-thickness protecting film was formed. 

The thus-coated resist film on the wafer was exposed by a KrF excimer stepper and was subjected to PEB 
at 150°C for 60 seconds. Then cydohexane was applied onto the wafer by spin coating, and the protecting 
film was removed. 

Then the wafer was immersed for 60 seconds in a 2.38 % TMAH aqueous solution for development. 
A 0.3 um-wide L & S pattern was resolved at a 35 mJ/cm 2 radiation dose. 

[Control 30] 

A 15 wt% cyclahexanone solution of t-butyl methacrylate - adamantyl acryiate copolymer expressed by 
the following structural formula 



40 



45 



50 




and having a 50:50 composition ratio was pr pared. Triphenylsulfonium hexaf luoroantimonate as an acid g n- 
rating substance was added to th solution by 2 wt% to the copolymer, and a resist solution was prepared. 
55 This resist solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was prebak d 

for 100 seconds on a hot plate at 100°C, and a 0.7 urn-thickness resist film was formed. 

A solution of 5 wt% of polyol fin r sin in p-cym ne was applied onto the wafer by spin coating, then the 
resist thin film was r solved. 
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[Control 31] 

A 15 wt% cyclohexanone solution of t-butyl methacrylate - adamantyl acrylate - methacrylic acid t rpoly- 
mer xpress d by th following structural formula 

CH 3 CH3 
CH 2 -cA f-CH 2 -CH ) f-CH 2 ~c4- 



10 \ | '40 | /40 v | '20 

c=o 

I 

OH 

) I 

15 




20 

and having a 40:40:20 composition ratio was prepared. Triphenylsulfonium hexafluoroantimonate as an acid 
generating substance was added to the solution by 2 wt% to the copolymer, and a resist solution was prepared. 

This resist solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was prebaked 
for 100 seconds on a hot plate at 100°C, and a 0.7 u.m-thickness resist film was formed. 
25 A solution of 5 wt% of polyolef ine resin in xylene was applied onto the wafer by spin coating, then the resist 

film was resolved. 

[Example 53] 

30 A 15 wt% cyclohexanone solution of t-butyl methacrylate - norbornyl methacrylate - hydroxyethyl metha- 

crylate terpolymer expressed by the following structural formula 



CH 3 CH 3 



c=o c=o c=o 

\l I I 

40 OOa CH2CH2OH 





45 

and having a 30:40:30 composition ratio was prepared. Triphenylsulfonium hexafluoroantimonate as an acid 
generating substance was added to the solution by 5 wt% to the copolymer, and a resist solution was prepared. 

This resist solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was prebaked 
so for 100 seconds on a hot plate at 100°C, and a 0.7 u.m-thickness resist film was formed. 

A solution of 5 wt% of polydiene resin in 1-decene expressed by the following structural formula 

CH 2 = CH{CH 2 VcH 3 

was applied onto the waf r by spin coating and baked for 100 seconds on a hot plate at 1 00°C, and a 0.2 u.m- 
55 thickness prot cting film was formed. 

The thus-coated r sist film on the wafer was expos dbyaKrF xcimer stepper and was subj ctedtoPEB 
at 150°C for 60 s conds. Then cycloh xane was applied onto the waf r by spin coating, and the protecting 
film was stripp d. 
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Then the waf r was immersed for 60 seconds in a 2.38 % TMAH aqu ous solution for d velopment. 
A 0.3 nm-wide L & S pattern was r solv d at a 40 mJ/cm 2 radiation d s . 

[Control 32] 

A 15 wt% cyclohexanone solution of t-butyl methacrylate - norbornyl methacrylate copolymer expressed 
by the following structural formula 



io CHa CH 3 

_tCH 2 -C-) f CH 2 -C4 



| '45 V | 

C=0 C=0 



CH3 — C—CH3 
I 

CH 3 



and having a 45:55 composition ratio was prepared. Triphenylsulfonium hexaf luoroantimonate as an acid gen- 
erating substance was added to the solution by 2 wt% to the copolymer, and a resist solution was prepared. 
25 This resist solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was prebaked 

for 100 seconds on a hot plate at 100°C, and a 0.7 u.m-thickness resist film was formed. 

A solution of 5 wt% of polydiene resin in 1-decene expressed by the following structural formula 

CH 2 = CH{CH 2 VCH 3 
was applied onto the wafer by spin coating, and the resist film was resolved. 



[Control 33] 

A 15 wt% cyclohexanone solution of t-butyl methacrylate - norbornyl methacrylate - hydroxyethyl metha- 
crylate terpolymer expressed by the following Structural formula 

CHa CH 3 CHa 

c=o c-o c=o 

A 1 1 

° L^\^ CH2CH2OH 

CH3-C-CH3 

CH3 

and having a 30:40:30 composition ratio was prepared. Triphenylsulfonium hexafluoroantimonate as an acid 
generating substance was added to the solution by 5 wt% to the copolymer, and a resist solution was prepared. 

This resist solution was applied to an HMDS treated Si wafer by spin coating, and the wafer was prebaked 
for 100 s conds on a hot plate at 100°C, and a 0.7 urn-thickness r sist film was formed. 

The thus-coat d resist film on the wafer was xposed by a KrF excimer st pper without application of a 
protecting film and was subj cted to PEB at 150°C for 60 seconds. 

Then the wafer was immersed for 60 s conds in a 2.38 % TMAH aqueous solution for development. 

An unsolv d layer was generated on th surfac of the r sist, and no patt rn could be resolved. 
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[Exampl 54] 

15 wt% of triphenylsulfonium h xaflu roantimonate as an acid g ne rating substance was add dtoada- 
mantyl methacrylate - t-butyl acrylate - itaconic anhydride terpolymer expressed by the following structural 
formula 



CH 3 




and having a 58:14:28 composition ratio, and a cyclohexanone solution was prepared. This resist solution was 
applied to a Si wafer by spin coating, and the wafer was prebaked for 100 seconds on a hot plate at 100°C, 
and a 0.7 um-thickness resist film was formed. 

A solution of 5 wt% of polyolef ine resin in t-butyl cyclohexane expressed by the following structural formula 



o 



CH 3 

C-CH 3 
CH 3 



was applied onto the wafer by spin coating and baked for 100 seconds on a hot plate at 1 00°C, and a 0.2 urn- 
thickness protecting film was formed. 

The thus-coated resist film on the wafer was exposed by a KrF excimer stepper and was subjected to PEB 
at 100°C for 60 seconds. Then cyclohexane was applied onto the wafer by spin coating, and the protecting 
film was removed. 

Then the resist film was developed for 60 seconds with NMD-3, an alkali aqueous solution and rinsed for 
30 seconds with deionized water. The threshold energy of the radiation dose was 13 mJ/cm 2 . A 0.25 urn-wide 
L & S pattern was resolved at 41 mJ/cm 2 . 



[Control 34] 



15 wt% of triphenylsulfonium hexafluoroantimonate as an acid generating substance was added to ada- 
mantyl methacrylate - t-butyl acrylate copolymer expressed by the following Structural formula 



CH 3 

-fCH 2 -C~) fcH2-CH4- 

O-C _ C0 2 tBu 

I 

o 




and having a 58:42 composition ratio, and a cyclohexanone solution was prepared. This resist solution was 
appli d to a Si wafer by spin coating, and th wafer was prebak d for 100 seconds on a hot plat at 100°C, 
and a 0.7 um-thickness r sist film was f rmed. 

A solution of 5 wt% of polyolef in resin in t-butylcyclohexan xpressed by th following structural formula 
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o- 



CH 3 
I 

CH3 



CH 3 

was applied onto the wafer by spin coating, and the resist thin film became opaque. 
[Control 35] 



A 1 5 wt% of triphenylsulfonium hexafluoroantimonate as an acid generating substance was added to ada- 
mantyl methacrylate - t-butyl methacrylate - itaconic anhydride terpolymer expressed by the following struc- 
15 tural formula 



20 



45 



50 



CH 3 

0=C C02tBu 



6-JL J cf 0 




25 



and having a 58:14:28 composition ratio and a cydohexanone solution was prepared. This resist solution was 
applied to a Si wafer in a 7 urn-thickness by spin coating and prebaked for 1 00 seconds on a hot plate at 1 00°C. 
30 A solution of 5 wt% of polyolef ine resin in xylene was applied onto the wafer by spin coating, and the resist 

thin film was resolved. 

Toluene and ethylene benzene were used as coating solvents in place of xylene, and similarly the resist 
thin films were resolved. 

35 [Example 55] 

15 wt% of triphenylsulfonium hexafluoroantimonate as an acid generating substance was added to ada- 
mantyl methacrylate - t-butyl acrylate - itaconic anhydride terpolymer expressed by the following structural 
formula 

40 

CH 3 

CH 2 ~cA (-CH 2 -CH A (-CH 2 -c4- 

\ | /58 \ | /14 V / \M 

O^C _ C0 2 tBu \ 

^ — 0 




and having a 58:14:28 composition ratio, and a cydohexanone solution was prepared. This resist solution was 
applied to a Si wafer in a 0.7 uin-thickness by spin coating, and prebaked for 100 seconds on a hot plate at 
100°C. 

55 A solution of 5 wt% of polyolef ine resin in limonen xpr ssed by th following structural formula 
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was applied onto the wafer by spin coating and baked for 100 seconds on a hot plate at 100X, and a 0.2 \im- 
thickness protecting film was formed. 

The thus-coated resistfilm on the wafer was exposed by a KrF excimer stepper and was subjected to PEB 
at 100°C for 60 seconds. Then cyclohexane was applied onto the wafer by spin coating, and the protecting 
15 film was removed. 

Then the resist film was developed for 60 seconds with NMD-3, an alkali aqueous solution and rinsed for 
30 seconds with deionized water. The threshold energy of the radiation dose was 1 3 m J/cm*. A 0.25 nm-wide 
L & S pattern was resolved at 41 mJ/cm 2 . 

The same resolving power was obtained by using as a coating solvent, in place of limonene, 1 ,5-cyclooc- 
20 tadiene expressed by the following structural formula 




25 



or using, 1-decene expressed by the following structural formula 

CH 2 = CH4CH 2 *TCH 3 

[Control 36] 

3 5 15 wt% of triphenylsulfonium hexafluoroantimonate as an acid generating substance was added to ada- 

mantyl methacrylate - t-butyl acrylate - itaconic anhydride terpolymer expressed by the following structural 
formula 



40 



45 



CH 3 

^ch 2 -c-4^ch 2 -ch4^ch 2 -c4- 




and having a 58:14:28 composition ratio, and a cyclohexanone solution was prepared. This resist solution was 
so applied to a Si wafer in a 0.7 ^m-thickness by spin coating, and prebaked for 100 seconds on a hot plate at 



100°C. 



A solution of 5 wt% of polyolef ine resin in methyl cyclohexane was applied onto the wafer by spin coating, 
and the solution did not uniformly spread over the wafer without forming a protecting film. 



55 



Claims 

1. A radiation sensitive material comprising: 
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a copolymer xpressed by a g neral formula 



10 



Ri Ffe 
-fCH 2 -c4-fCH 2 -c4- 



I 'm 
I 

0 
I 

Y 



I 

0 

CH 3 -C— CH 3 

I 



15 



20 



(where Y represents alicyclic group; and R 2 represent CH 3 or H, and at least one of R t and R 2 is H; 

and R 3 represents alkyl group); and 

a substance generating an acid by application of radiation. 

2. A radiation sensitive material according to claim 1, wherein the copolymer includes, by 40 - 70 mol%, a 
unit structure including alicyclic groups. 

3. A radiation sensitive material comprising: a copolymer including a unit structure which is expressed by a 
general formula 



25 



30 



Ri 

-£CH 2 — C-)- 
COOH 



35 



40 



45 



50 



55 



(where R, represents CH 3 or H) 

and which generates an alkali soluble group in the presence of methacrylic acid or acrylic acid, and an 
acid; and 

a substance generating an acid by application of radiation. 

4. A rad iation sensitive material comprising: 

a terpolymer expressed by a general formula 



Ri F*2 R3 

~f CH 2 -C-V4CH 2 — C-4-4 CH 2 -C-4- 

^ 1 ' I * | ^ 1 'ft 



1 ' 

o=c 

0 
Y 



(where Y rep resen ts alicyclic group; 
Z represents -C(CH 3 ) 2 R4, 



0=C 
1 

0 
I 

z- 



I 'n 
I 

OH 



-O - -Q 



0 



an 9- c— ob . 
1 
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Ri, R 2 , and R 3 represent CH 3 or H; and R4 representsSy&L^sfup); and 
a substance gen rating an acid by application of radiation. 

5. Aradiations nsitiv material according to claim 3, wherein the copolym r includes th unit structure hav- 
ing carboxylic acid by above 5 mol% and below 35 mol%. 

6. A radiation sensitive material according to claim 4, wherein the copolymer includes the unit structure hav- 
ing carboxylic acid by above 5 mol% and below 35 mol%. 

7. A radiation sensitive material comprising: 

a copolymer including a unit structure which is expressed by a general formula 



CH 3 
■£CH2-C-)- 



O-C 

i 

0 

I 

20 CH2CH2OH 



and which generates an alkali soluble group in the presence of methacrylic acid and an acid; and 
a substance generating an acid by application of radiation. 

8. A radiation sensitive material comprising: 

a terpolymer expressed by a general formula 



30 ?! R 2 CH 3 

^CH 2 ~C-)-fcH2-c44cH2-c4- 

o=c 0=C o=c 

• 1 1 

35 OOO 

1 1 1 

Y Z CH2CH2OH 



(where Y represents alicyclic group; and 
40 Z represents -C(CH 3 ) 2 R4, 

O "O ■ 

0 

R1 and R 2 represent CH 3 or H; and R 3 represents alkyl group); and 
a substance generating an acid by application of radiation. 

9. A radiation sensitive material according to claim 7, wherein the copolymer includes the hydroxyethyl me- 
thacrylate by above 5 mol%. 

10. Aradiations nsitive material according to claim 8, wherein th copolym r includes th hydroxyethyl me- 
55 thacrylate by abov 5 mol%. 

11. Aradiations nsitive material comprising: 

a copolym r including a unit structure xpressed by 
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C02X1 

-(CH-CH-)- 
CO2X2 

(where and X 2 represent -C(CH 3 )2Ri, 



10 



O •- -Q 



15 



and 



20 a substance generating acid by application of radiation. 

12. A radiation sensitive material comprising: 

a copolymer expressed by a general formula 



25 



30 



Hi COaXl 
C H 2 -C-^_icH -CH -V- 

O-C COaXz 
1 

0 

I 

Y 



35 



(where and X 2 represent -C(CH 3 ) 2 R2» 



40 



45 



Y represents alicyclic group; R, represent CH 3 or H; and R 2 represents alkyl group); and 
a substance generating an acid by application of radiation. 



13. A radiation sensitive material comprising: 

a copolymer including a unit structure expressed by 

CHZCO2X1 

50 | 

-(CH2-C-)- 

CO2X2 

55 

(wh re and X 2 repr sent -C(CH 3 ) 2 Ri, 
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15 



30 



35 



40 



45 



50 



-D--Q 



and 

Ri represents alkyl group); and 

a unit structure generating an alkali soluble group in the presence of an acid; and 
10 a substance generating an acid by application of radiation. 

14. A radiation sensitive material comprising: 

a copolymer expressed by a general formula 



R, CH2CO2X1 
-f CH 2 -C-)— (CH 2 — C-4- 



I 

0=C C0 2 Xg 

20 I 

0 

I 

Y 

25 (where X, and X 2 represent -C(CH 3 ) 2 R 2 , 



o - o 



Y represents alicyclic group; R, represent CH 3 or H; and R 2 represents alkyl group); and 
a substance generating an acid by application of radiation. 

15. A radiation sensitive material comprising: 

a copolymer including a unit structure expressed by a general formula 



v I } 

Y 

(where at least one of X or Y is a nitrile group) and a unit structure generating an alkali soluble group; 
and 

a substance generating an acid by application of radiation. 

16. A radiation sensitive material according to claim 15, wherein the copolymer includes t-butyl groups. 

17. A radiation sensitive material according to claim 15, wherein the copolymer includes alicyclic groups. 

18. A radiation s nsitive mat rial according to claim 15, wherein th unit structure 



55 
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X 

4CH2-C-)- 

I 

Y 

(where at least one of X or Y is a nitrile group) is acrylonitrile or methacrylonitrile. 

10 19. A radiation sensitive material according to claim 18, wherein the copolymer includes the acrylonitrile or 
methacrylonitrile by 10 - 70 mol%. 

20. A radiation sensitive material comprising a terpolymer expressed by a general formula 



15 



20 



25 



30 



35 



40 



45 



50 



55 



-(■CH 2 -CH-)--(cH2-CH-)— (CH 2 -C-)- 

OH OCH2S-Y ^0 

1 

O-R 



(where X represents H or CH 3 ; 
R represents 



Ri 



r 

R2 



and 

and R 2 represent H, R 3 represents 



Ri represents CH 3 , R 2 represents H, R 3 represents 



R< and R 2 represent CH 3 , R 3 represents 



or 

R 1f R 2 and R 3 r present CH 3 ); and 

a substance gen rating an acid by application of radiation. 
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21. A radiation sensitiv material comprising: 

a resist containing a hydrophific group; and 
a hydrophobic compound. 

5 22. A radiation s nsitive material according to claim 21 , wherein 

the resist containing a hydrophilic group is a copolymer expressed by a general formula 



10 



15 



20 



25 



30 



35 



40 



45 



50 



-fcH 2 -CH-)-(cH2-C-)- 



OH 



I 'm 
O-R 



(where X represents H orCH 3 ; 
R represents 



o ■ o 



Ri 

or -C-R 3 

i 

R 2 



and 

and R 2 represent H, R 3 represents 



-O ; 

R<i represents CH 3l R 2 represents H, R 3 represents 
Ri and R 2 represent CH 3l R 3 represents 
or 

Rl R 2 and R 3 represent CH 3 ). 

23. A radiation sensitive material according to claim 22, wherein 

vinylphenol of the resist containing hydrophilic groups is contained by 50 - 70 mol%. 

24. A radiation sensitiv material according to claim 21 , wherein 

55 the r sist containing hydrophilic groups is a copolymer xpressed by a gen ral formula 
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-(•CH2 -CH (CH 2 -CH 



10 



0 

I 

6-R 



15 



(where R represents 



20 



or - 



CH 3 

C-CH3 

CH3 



25 



25. A radiation sensitive material according to claim 24, wherein vinyiphenol in the resist containing the hy- 
drophilic group is contained 60 - 80 mo!%. 

26. A radiation sensitive material according to any one of claims 21 to 25, wherein 

the hydrophobic compound is expressed by the formula 



30 



35 




CH 3 
CO2-C-CH3 
CH 3 



27. A radiation sensitive material according to any one of claims 21 to 25, wherein 
the hydrophobic compound is expressed by a general formula 
(where and R 2 represent 



40 



45 



50 



R1O2C 



c=c 



C02R2 



CH3 
-C-CH3 ; 
CH 3 



55 



or 

R 1 repres nts 
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R 2 represents 

10 

CHa 

-C-CH.). 
CH3 

28. A radiation sensitive material comprising: 
20 a copolymer including itaconic anhydride which is expressed by 




and a polymer as a unit structure which generates an alkali soluble group in the presence of an acid; and 
a substance generating an acid by application of radiation. 

29. A radiation sensitive material according to claim 28, wherein 
the copolymer is expressed by a general formula 




45 (where I, m and n represent 0 - 60 mol%, 1 0 - 95 mol%, 5 - 50 mol% respectively; R 1f R 2 , R 3 and R* rep- 

resent H, halogen, alkyl group, substituted alkyl group, nitrile group, -(CH 2 ) n COOR 5 (n=0-1) or - 
(CH2)nCOOR6(n=0-1); R 5 represents C,^ alkyl group, substituted alkyl group, alicyclic group, sub- 
stituted alicyciic group, aromatic group or substituted aromatic group; and Rq represents t-butyl group, t- 
amyl group, dimethyl benzyl group, tetrahydropyranyl group or 3-oxocyclohexyl group). 

50 

30. A radiation sensitive material according to claim 28, wherein 
the copolymer is expressed by 
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6 
1 

Re 



0 



10 



15 



(where I m and n represent 1 - 95 mol%. 10-95 mol% and 5 - 50 mol%; Z represents benzene ^ng sub- 
IttedbTnzene ring, nitrile group, -OR 7 . -COR 7 or -OCOR 7 ; R, R, R 3 andR. represent H. halogen. C,. 
alkyl group, C M substituted alkyl group, nitrile group. -C(CH 2 ) n COOR 5 (n=0-1), or 

CH TcoORirn=0-1)- R. represents t-butyl group, t-amyl group, dimethytbenzyl group, tetrahydropyra- 
nylgriC^xocylV^ 

group, substituted alicyclic group, aromatic group or substituted aromatic group). 



31. A radiation sensitive material according to claim 28. wherein 
20 the copolymer is expressed by a general formula 



Ri R2 R3 . R4 
-f CH -C-44-CH -c4-fcH 2 -c4- 



25 



30 



0 

I 

Rs 



35 



(where I m and n represent 0 - 95 mol%. 1 - 95 mol% and 5 - 50 mol%; R,. R 2 , R3 and R< represent H, 
haloaen C,^ alkyl group, C,^, substituted alkyl group, nitrile group, 

^SwCn^D or -<CH 2 ) n COORe(n=0-i); R 5 represents a,kyl group, <^?*^"* 
group, alicyclic group, substituted alicydic group, aromatic group or substituted aromat,c group, and R3 
represents -OtBu, -OCOOtBu or -COOt-Amyl). 

32. A radiation sensitive material according to claim 28, wherein 
40 the copolymer is expressed by a general formula 

Ri Rz R3 FU 



45 



50 



(where I m and n repr sent 0 - 95 mol%, 1 - 95 mol% and 5 - 50 mol%; Z represents benzene ring, sub- 
lit dbl ne ring, nitril group, OR 7 . -COR 7 or-OCOR 7 ; R„ R 2 , Rs and R, represent H, halogen, 
55 alkyl group, C,_» substituted alkyl group, nitril group, -(CH 2 )„COOR 5 (n=0-1 ) or 

-(CH 2 ) n COOR 6 (n=0-1);andR 8 r pr s nts -OtBu, -OCOOtBu, or -COOt-Amyl). 

33. A radiation s nsitiv material according to any on of claims 28 to 32, wher in 
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the c polym r includes the unit structur including the itaconic anhydride by 5 - 50 mol%. 

34. A method for forming a pattern comprising the steps of: 

preparing a resist of a radiation s nsitive material according to any preceding claim; 
5 applying the resist to a substrate to be processed; 

prebaking the substrate and then selectively exposing the resist on the substrate to radiation; and 
postbaking the substrate, and then developing the resist on the substrate to form the pattern. 

35. A method for forming a pattern comprising the steps of: 
10 preparing a resist of a radiation sensitive material; 

applying the resist to a substrate to be processed; 

prebaking the substrate and then selectively exposing the resist on the substrate to radiation; and 
postbaking the substrate, and then developing the resist on the substrate by a developer being a 
mixed liquid of an organic alkaline aqueous solution and isopropyl alcohol to form the pattern. 

15 

36. Amethod forforming a pattern according to claim 35, wherein the developer contains the isopropyl alcohol 
by 5 - 95 vol%. 

37. A method for forming a pattern comprising the steps of: 

preparing a resist of a polymer containing an acrylic ester unit, having an alicyclic group at an ester 
20 unit, or a methacrylic ester unit, having an alicyclic group at an ester unit, and an acrylic ester unit having 

a polar structure at an ester unit or a methacrylic ester unit having a polar structure at an ester unit; 

coating a substrate to be processed with the resist, and prebaking the substrate to be processed; 
applying onto the resist a protecting film of a hydrocarbon-based polymer, which is transparent to 
far ultraviolet rays, and heating the same; 
25 selectively exposing radiation to the resist on the substrate to be processed; 

postbaking the substrate to be processed; stripping the protecting film; and 
developing the resist on the substrate to be processed to form a desired resist pattern, 
an application solvent for the hydrocarbon-based polymer of the protecting film being a non-aro- 
matic hydrocarbon, or an aromatic hydrocarbon expressed by a general formula 



35 




(where R represents an alkyl group with 3 or more carbon atoms). 

A method for forming a pattern comprising the steps of: 

forming a resist of a radiation sensitive material according to any one of claims 28 to 32; 
coating a substrate-to-be- processed with the resist, and prebaking the substrate to be processed; 
applying a protecting film of a hydrocarbon polymer, which is transparent to far ultraviolet rays, and 
heating the same; 

selectively exposing radiation to the resist on the substrate to be processed, and postbaking the 
substrate to be processed; and 

stripping the protecting film, and developing the resist on the substrate to be processed to form a 
desired resist pattern. 

so 39. A method for forming a pattern according to claim 37 or 38, wherein an application solvent for the hydro- 
carbon polymer for the protecting film is limonene. 1 ,5-cycloctadiene, 1-decene, t-butylcyclohexane, p- 
cymene or dodecylbenzene. 

40, A method for forming a patt rn according to any one of claims 37 to 39, wherein 
55 the hydrocarbon polymer is an i fin polym r or a diene polym r. 

41. A method for forming a patt rn according to claim 38 or either of claims 39 and 40 when appended to 
claim 38, wherein 

88 



40 38. 
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the substance having a polar-structure is k tone, alcohol, ether, ster, carbonic acid, an acid an- 
hydride, or any on of these substances having a part of the atoms of a p lar structure. 

42. As miconductor fabrication m thod comprising a step of patterning th resist by am thod for forming a 
pattern according to any on of claims 34 to 41 . 
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